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Cryptosporidium and Giardia have become an increasing concern in drinking water 
quality for the general public, especially those that are immunocompromised. There have 
been 69-recorded major outbreaks of cryptosporidiosis in the United States between 1983-
1999, with the largest being in 1993 in Milwaukee, Wisconsin affecting 403,000 people. 
There have been 53-recorded major outbreaks of giardiasis in the United States between 
1965-1981. 
Cryptosporidium oocysts are typically ovoid, 4-6 µm in diameter and contain 4 
sporozoites. Oocysts are the environmentally resistant stage that can cross infect multiple 
species including mice, calves, humans, dogs, cats, birds, and reptiles. Cryptosporidium has 
a low infective dose(< 30-132 viable oocysts) and the ability to multiply to large numbers in 
a single host animal. Cryptosporidium is resistant to common disinfection techniques such as 
chlorination. 
Giardia cysts are elliptical, 8-18 µm by 5-15 µm with 2-4 nuclei and have an axoneme. 
The Giardia cyst is the environmentally resistant stage of the organism. The cysts can cross 
infect multiple species including humans, beavers, and dogs. Giardia has a low infective 
dose (as few as 10 viable cysts) and the ability to multiply to large numbers in a single host. 
Giardia cysts can be inactivated by disinfection with chlorine contact for 10 minutes at pH of 
7.0 and a temperature of25°C. 
The current methods used to recover and enumerate cysts and oocysts are 
immunofluorescent assay and immunomagnetic separation techniques. The 
immunofluorescent assay (IFA) is the current method employed by most water testing 
laboratories and utilizes flotation separation based on specific gravity. This method, which is 
being used by the USEPA for its Information Collection Rule (ICR), utilizes a fluorescent 
antibody to detect Cryptosporidium oocysts and Giardia cysts in environmental water 
samples. The immunomagnetic separation method (IMS) utilizes magnetic beads conjugated 
to specific antibodies for the immunomagnetic separation of Cryptosporidium oocysts and/or 
Cryptosporidium oocysts and Giardia cysts. The IMS methods compared in this study were 
DYNAL and ProNetic. 
The objective of this study was to compare the three methods, AS TM-IF A (ICR) and 
DYNAL and ProNetic IMS methods to assess their sensitivity and recovery rates for 
Cryptosporidium and/or Cryptosporidium and Giardia. Ten source water sites in eastern and 
western Kentucky, five spike samples, and five same-site environmental samples were 
compared. Percent recovery, sensitivity, time, and expense of each method were evaluated. 
The ProNetic method was designed only for Cryptosporidium oocyst recovery whereas the 
AS TM-IF A and DYNAL methods were developed to detect both Cryptosporidium oocysts 
and Giardia cysts. 
The results indicated that in the ten source water samples, ProNetic and DYNAL methods 
appeared to be as equally sensitive for the recovery of Cryptosporidium oocysts as the 
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AS TM-IF A method. However, AS TM-IF A and DYNAL had positive results for more source 
water sites than the ProNetic method. The recovery rates in the ten source water samples 
indicated no significant differences between the DYNAL and ASTM-IF A methods in their 
recovery of Giardia cysts. For the same site analysis, the ProNetic method had more positive 
samples, however, for the sites that were positive for all three methods, the ProNetic method 
recovered fewer number of oocysts per sample compared to the other two methods. 
Therefore, the DYNAL method appears to have the highest recovery of oocysts per sample 
for Cryptosporidium. For Giardia, in the same site analysis, the ASTM-IF A method had 
more positive samples, however, the DYNAL method recovered more cysts per sample. The 
overall percent recovery rate for Cryptosporidium oocysts for the ASTM-IF A method was 
9%, while DYNAL and ProNetic recovered 48% and 66% respectively in spiked samples. In 
spiked samples, for Giardia cyst percent recovery rate for the AS TM-IF A method was 8%, 
while the DYNAL method was 49%. The ProNetic and DYNAL methods had significantly 
higher recovery rates for Cryptosporidium oocysts than the ASTM-IF A method in spiked 
samples. Giardia cyst recovery rates were significantly higher for DYNAL than the ASTM-
IFA method for spiked samples. Based on a comparison of the three methods for percent 
recovery, sensitivity, time, and expense of each method the best overall method for recovery 
and enumeration of Cryptosporidium oocysts and Giardia cysts was determined to be the 
DYNAL IMS method. 
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CHAPTER I INTRODUCTION 
Significance 
There have been more than six hundred waterborne disease outbreaks reported to the 
United States Centers for Disease Control (CDC) since 1971 (Levy, 1998). Of these six 
hundred outbreaks, Giardia lamb/ia has accounted for an average of7,042 individual 
illnesses each year while an average of eight of the thirty waterborne-disease outbreaks since 
1971 has been due to Cryptosporidium parvum (Levy, 1998). Therefore, these two 
protozoans Giardia lamblia and Cryptosporidium parvum, have become a health concern, 
especially for immunocompromised individuals. An example of the seriousness of these 
pathogens in drinking water was first reported in Nevada in 1992 as a case of 
cryptosporidiosis, causative agent Cryptosporidium parvum, in which three cases were 
reported in HIV-positive patients (Goldstein, 1996). There were 23 cases identified in 
Nevada in 1993 and in 1994, 61 of the 78 cases reported were in HIV-positive patients 
(Goldstein, 1996). This study is just one indication of the need for stronger guidelines in the 
drinking water industry. 
In response to this emerging threat, Congress, in 1996, passed the Safe Drinking Water 
Act (SDW A) requiring the United States Environmental Protection Agency (USEPA) to 
include biological hazards in addition to chemical hazards for safe drinking water (Conrad, 
I 998). The main source of concern of Cryptosporidium is its resistance to common 
disinfection techniques, like chlorination. However, Giardia can be treated with chlorine, 
while Cryptosporidium can be effectively inactivated by ozonation (Li, 1997). 
Unfortunately, not all water treatment plants use ozone to treat public drinking water and not 
all water ingested is treated. Many of the outbreaks that occur are also caused by swimming 
pool, lake, fountain, and other untreated water sources. One step in preventing these 
outbreaks is to test the untreated water sources to determine the extent of the protozoan 
problem. Once the exact nature of the problem is identified, then an effective method of 
treatment can be established. 
Need for Study 
The focns of this research was to compare methods for the detection and enumeration of 
the protozoan parasites Cryptosporidium and Giardia. The methods compared were the 
American Standard Testing Method - Immunofluorescent Assay (Information Collection 
Rule) (ASTM-IFA (ICR)) method for Giardia and Cryptosporidium which is approved by the 
Environmental Protection Agency (EPA) and two Immunomagnetic Separation (IMS) 
methods, the HACH ProNetic method which detects Cryptosporidium, and the DYNAL 
method which detects both Cryptosporidium and Giardia. 
The ASTM-IFA (ICR) method uses a Percoll-sucrose flotation and a fluorescent antibody 
procedure to detect both protozoans, while the ProNetic and DYNAL methods both use 
magnetic beads for immunomagnetic separation of the protozoans from the surrounding 
material. The theory behind the magnetic separation is that by using a specific antibody to 
attach to the wall of the oocyst or cyst it should reduce the occurrence of the fluorescence of 
other material such as algae, which might lead to false positives and negatives and increase 
the difficulty of interpretation of slides. 
Only source water utilized by water treatment facilities was studied using these methods. 
The basic focus was to determine the extent of contamination of the source water for selected 
cities in eastern and western Kentucky and to compare the AS TM-IF A method with two IMS 
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methods for detecting the presence of these two pathogens. The primary source water 
contamination in areas sampled was due to large cattle farms. 
Objectives 
In order to determine the extent of contamination and the effectiveness of the methods, 
several objectives were examined. 
1. Compare ten source waters in eastern and western Kentucky using the ASTM-IF A 
(ICR) method and the IMS Method 1622 (ProNetic and DYNAL methods) for 
recovery of Giardia cysts and Cryptosporidium oocysts. 
2. Compare five repeat samples of the same source water site to compare the three 
methods for repeatability, accuracy and sensitivity for Giardia cysts and 
Cryptosporidium oocysts. 
3. Perform five spiked sample analyses to compare the three methods for recovery rates 
of Giardia cysts and Cryptosporidium oocysts. 
4. Compare labor, time, volumes of water tested, cost, consistency of results, 
contamination, sample size used, and microscopic analysis of each method. 
5. Determine the prevalence of Giardia cysts and Cryptosporidium oocysts in source 
waters used for municipal water supplies. 
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CHAPTER TI LITERATURE REVIEW 
Water quality has become an important issue for the general public due to an increase in 
the number of outbreaks involving drinking water. As a result, this has led to improved 
monitoring of the water sources used for public consumption. The Safe Water Drinking Act 
(SDWA) passed by Congress in 1996 required the USEPA to include biological hazards, 
which include Cryptosporidium and Giardia, in addition to chemical hazards in drinking 
water regulation (Today's Chemist at Work 1998). 
There have been 69 well-documented outbreaks of cryptosporidiosis worldwide, since 
1983. Tyzzer identified Cryptosporidium in 1907 (Tyzzer, 1907); however, the first 
documented case of human cryptosporidiosis was not reported until 1976 (Gastroenterology 
70:592-598). The largest outbreak of cryptosporidiosis was in 1993 in Milwaukee, WI, 
which affected 403,000 people. Also in 1976, Cryptosporidium parvum was recognized by 
the World Health Organization as a causative agent of acute and chronic diarrhea. 
While Cryptosporidium is not considered a serious problem for irnmunocompetent people, 
it can be for immunocompromised individuals. Unfortunately, the number of people with 
immunocompromised diseases such as AIDS and cancer continues to increase. Goldstein et 
al. (1996) performed a study of AIDS patients to determine the magnitude and sources of 
cryptosporidiosis in the immunocompromised population in Nevada. They reported that in 
1992, there were only three cases ofcryptosporidiosis and in 1993 there were 23 cases. 
However, in 1994, there were 78 cases of cryptosporidiosis reported with 61 being in mv 
patients with 32 of these patients passing away by June 30, 1994. Twenty of these 32 had 
cryptosporidiosis listed as the causative agent on the death certificate. These high death rates 
due to cryptosporidiosis stress the need for reliable guidelines that regulate the quality of 
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public drinking water. As noted in Table 1, A, B, and C, the transmission of 
cryptosporidiosis ranges from contaminated drinking water, to contaminated food products, 
to swimming pool infections. 
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Table 1-A: Cryptosporidium outbreaks for 1983-1993. 
YEAR LOCALITY EST. CASES SUSPECTED CAUSE KEY REFERENCES 
1983 Cobham, Surrey, UK 
1984 Braun Station, TX 
1986 Great Y arrnouth, UK 
1987 Carrollton, GA 
1988 Ayrshire, UK 
1988 Yorkshire, UK 
16 
2,006 
36 
12,960 
27 
67 
1988 Los Angeles Co, CA 44 
1989 Swindon/Oxfordshire, UK 516 
1990 Loch Lomond, Scotland 
1990-91Isle of Thane!, UK 
442 
47 
44 
551 
1991 South London, UK 
1991 Pennsylvania 
1992 South Devon, UK 
1992 NWUK 
1992 NWUK 
1992 SWUK 
1992 Jackson Co., OR 
1992 Lane Co., OR 
1992 "Idaho" 
1992 Yorkshire region, UK 
1992 Mersey UK 
1992 Bradford, UK 
1992-93Warrington, UK 
1993 Dane Co., WI 
1993 Milwaukee, WI 
1993 Milwaukee, WI 
1993 Las Vegas, NV 
1993 Wessex UK 
1993 Northern UK 
1993 Yorkshire UK 
1993 Wessex UK 
1993 Central Maine 
Unknown 
42 
63 
108 
15,000 
55 
26 
125 
47 
125 
47 
85 
120 
403,000 
103 
40 
at least 5 
97 
27 
>150 
Contaminated spring Barer & Wright, 1990 
Sewage contaminated well D'Antonio et al., 1985 
Unknown Brown et al., 1989 
Treatment deficiencies of river water Hayes et al., 1989 
Treatment deficiencies of spring water Smith et al., 1989 
Sewage contaminated swimming pool Barer & Wright, 1990 
Contaminated swimming pool 
Joce et al., 1991 
Sorvillo et al., 1990 
Sorvillo et al., 1992 
Treatment deficiencies of river water Dick, 1989 
Richardson etal.1991 
Treatment deficiencies of Loch water Barer & Wright, 1990 
Treatment deficiencies of river water Joseph et al., 1991 
Treatment deficiencies of tap water Maguire et al., 1995 
Treatment deficiencies of well water Moore et al. 1993 
Contaminated drinking water CCN, 1998, 3(4): 7-8 
Contaminated drinking water Furtado et al. 1998 
Contaminated drinking water Furtado et al. 1998 
Contaminated drinking water Furtado et al. 1998 
Treatment deficiencies of spring/river Leland et al. 1993 
Contaminated wave pool 
Moore et al. 1993 
Frost et al. 1998 
McAnulty et al. 1994 
Moore et al. 1993 
Contaminated water slide Moore et al. 1993 
Contaminated tap water Furtado et al. 1998 
Contaminated tap water Furtado et al. 1998 
Contaminated tap water Atherton et al. 1995 
Contaminated tap water Bridgman et al. 1995 
Contaminated swimming pools Bongard et al., 1994 
Contaminated swimming pool MacKenzie et al., 1995a 
Treatment deficiencies oflake water Addis et al., 1996 
Unknown; perhaps tap water 
Contaminated tap water 
Contaminated water at University 
Contaminated tap water 
Contaminated tap water 
Contaminated apple cider 
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CCN, 1997, 3(1): 1-2 
Christensen et al., 1997 
Cicirello et al., 1997 
Cordell et al., 1997 
Eisenberg et al., 1998 
Frisby et al., 1997 
Gradus et al., 1994 
MacKenzie et al., 1994 
MacKenzie et al., 1995b 
Morris et al., 1998 
Osewe et al., 1996 
Peng et al., 1997 
Goldstein et al., 1996 
Furtado et al. 1998 
Furtado et al. 1998 
Furtado et al. 1998 
Furtado et al. 1998 
Millard et al., 1994 
Table 1-B: Cryptosporidium outbreaks for 1994-1997. 
YEAR LOCALITY EST. CASES SUSPECTED CAUSE KEY REFERENCES 
1994 Lake Nummy, NJ 2,070 
1994 Missouri, USA 101 
1994 Kanagawa, Japan 461 
1994 Sydney, Australia 70 
1994 Walla Walla, WA 104 
1994 SW Thames, Wessex, Oxford 224 
1994 Trent area, UK 33 
I 995 Gainesville, FL 77 
1995 South & West Devon, UK 575 
1995 Northern Italy 294 
1995 SWUK 575 
1995 Ireland 13 
1995 Minnesota, USA 50 
1996 Ft. Lauderdale, FL 22 
1996 Clovis, CA 500 
1996 Eagle Harbor, FL 16 
1996 Kelowna, BC 1,136 
1996 Cranbrook, BC >2,097 
1996 Ogose, Japan 9,000 
1996 England 226 
1996 Wirral peninsula, UK 52 
1996 New York >30 
1996 Collingwood, Ontario 182 
1997 Shoal Lake, Ontario 100 
1997 Minnesota Zoo. MN 359 
1997 North Thames 345 
1997 England & Wales >4,321 
Contaminated shallow lake park 
Contaminated swimming pool 
Contaminated drinking water 
Contaminated swimming pool 
Sewage contaminated well 
Contaminated tap water 
Contaminated tap water (?) 
Contaminated tap water at day camp 
Contaminated drinking water 
Kramer et al., 1998 
Wilberschied, I 995 
Kuroki et al., 1996 
Lemmon et al., 1996 
Dworkin et al., I 996 
Furtado et al. 1998 
Furtado et al. 1998 
CCN, 1996, I (8): I I 
Regan et al., 1996 
CCN, 1996, 1(5): 7-8 
CCN, 1998, 3(4): 7-8 
Patel et al. 1998 
Treatment deficiencies of public water CCN, 1997, 3(3): 5 
Pozio et al., 1997 
Contaminated tap water Furtado et al. I 998 
Fann animal contaminated water CCN, I 996, I ( I 2): 5-6 
Sayers et al., I 996 
Contaminated chicken salad Besser-Wiek et al., I 996 
Contaminated wading pool CCN, 1998, 3(5): 3-4 
Hopkins et al., I 997 
Contaminated water park CCN, 1996, 1(12): 5 
CCN, 1996, 2(2): I 1-12 
CCN, 1997, 2(9): 1-3 
Unknown CCN, 1996, 2(1): 1-2 
CCN, 1996, 2(2): I 0 
Contaminated drinking water CCN, 1996, 1(12):1-2 
CCN, 1996, 2(1): 7 
Contaminated drinking water CCN, 1996, 2(1): 6 
Contaminated drinking water CCN, 1996, 1(12):4-5 
Yamazaki et al. 1997 
Contaminated drinking water CCN, 1996, 1(12):8 
CCN, 1997, 2(11): 1-3 
CDR, 1996, 6(34): 301-302 
Contaminated river water Hunter & Quigley 1998 
Contaminated apple cider CCN, 1996, 2(1): 5 
CCN, 1997, 2(4): 5 
Mshar et al. 1997 
Contaminated spring CCN, 1996, 1(7):4 
Contaminated drinking water CCN, I 997, 2(7): 2-3 
Contaminated decorative fountain CCN, 1997, 2(10): 1-2 
CCN, 1997, 2(11): 7-8 
MMWR 1998,47(40):856-860 
Contaminated borehole water CCN, 1997, 2(6): 1-4 
CCN, 1997, 2(7): 3 
Patel et al. 1998 
Willocks et al. 1998 
Multiple outbreaks & causes CCN, 1997, 3(1): 4 
CCN, 1998, 3(6): 6 
CDR, 1998, 8( 11 ):95-96 
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Table 1-C: Cryptosporidium outbreaks for 1997-1999. 
YEAR LOCALITY 
1997-98 Australia 
1997-98 New Zealand 
EST.CASES 
1,200 
>300 
1998 Chilliwack. BC 25-30 
1998 Brushy Creek. TX 32 
1998 Spokane, WA 54 
1998 Sellwood, Oregon 51 
1999 Hawke's Bay, New Zealand 20 
1999 S Island, New Zealand 7 
1999 N Island, New Zealand 70 
1999 NW England, UK 360 
SUSPECTED CAUSE 
Contaminated swimming pools 
Contaminated swimming pools 
KEY REFERENCES 
CCN, 1998, 3(5): 1-2 
CCN, 1998, 3(6): 1-2 
CCN, 1998, 3(7): 5-6 
CCN, 1998, 3(8): 6 
CCN, 1997, 3(2): 9 
CCN, 1998, 3(7): 2 
CCN, 1998, 3(8): 5-6 
As yet unknown CCN, 1998, 3(7): 3 
Sewage contamination of creek/wells CCN, 1998, 3(10): 1-2 
Unknown banquet food CCN, 1998, 3(10): 4-5 
Contwninated swimming pool 
Unknown 
Contaminated swimming pool 
Unknown 
Unfiltered surface water 
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MMWR 47: 565-567 
CCN, 1998, 4(1): 1-2 
CCN, 1999, 4(5): I 
CCN, 1999, 4(6): I 
CCN, 1999, 4(6): I 
CCN, 1999, 4(8): 1 
CCN, 1999 4(9): 1-2 
In 1983, Giardia was identified as the causative agent of diarrhea in 68% of waterborne 
outbreaks in which the causal agent was identified (Juranck, 1999). From 1965 to 1982, 
more than 50 waterborne outbreaks were reported (Juranck, 1999). 
A study performed by the CDC in 1991-1992 reported 34 outbreaks in 17 states associated 
with drinking water. Giardia or Cryptosporidium were confirmed as the causative agents in 7 
of these 34 outbreaks with 17,464 people being affected. The same year, the CDC also 
reported the number of outbreaks associated with recreational water, swimming pools ( 45% ), 
lakes (36%), and rivers (9%). Of these 11 cases, Giardia lamblia was identified as the 
causative agent in 3 6% of the cases, Cryptosporidium was identified in 18% of these cases, 
while an unknown agent caused the other 18%. Most cases for cryptosporidiosis and 
giardiasis were reported in May, June or August. 
In the last fifteen years, giardiasis has been recognized as the most frequently occurring 
waterborne disease in the United States (Juranck, 1999). Giardiasis is caused by the 
protozoan Giardia lamblia. Most cases are seen in campers and young children exposed to 
untreated water. Therefore, most cases are not reported, and those that are reported are often 
misdiagnosed (Levy, 1998). Between 1983-1987, there were 2,397 outbreaks affecting 
91,678 people associated with drinking water, and in only 62% of the cases was an etiological 
agent identified (MMWR 1990). Of these 62%, Giardia was identified in two of the cases 
(MMWR, 1990). In Blossburg, Pennsylvania in April 1987, there were 513 cases of 
giardiasis associated with one outbreak source. In 1989-1990, Giardia lamblia was identified 
as the etiological agent in 7 of the 12 waterborne disease outbreaks occurring in sixteen 
different states (MMWR, 1992). In 1993, 4 outbreaks ofgiardiasis occurred with 123 people 
affected (Kramer, 1996). In 1995, 1,449 people became ill in one outbreak of giardiasis 
9 
(Levy, 1998). In 1996, 10 outbreaks ofgiardiasis occurred in the United States (Kramer, 
1996). And in 1997, a Hotel in Greece reported 58 cases ofgiardiasis with 107 people 
affected (Hardie, 1999). 
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Table 2: Giardia outbreaks. 
YEAR LOCALITY EST.CASES SUSPECTED CAUSE REFERENCES 
1983-1987 New Jersey 8 outbreaks with Fruit Salad Bean, 1990 
68 people affected 
1985 U.S. 5 outbreaks 3 outbreaks from St. Louis, 1988 
drinking water and 2 
from swimming pools 
April 1987 Blossburg, Penn 513 persons affected Waterborne MMWR 1999 
1986-1988 U.S. 50 outbreaks with Waterborne Levine, 1990 
25,846 people affected 
1989-1990 U.S. 7 outbreaks with Drinking Water MMWR1992 
4,288 people affected 
1988-1992 U.S. 7 outbreaks with 184 Food borne Bean, 1996 
people affected 
1991-1992 U.S. 4 outbreaks with 123 Waterborne Kramer, 1996 
people affected 
1993-1994 U.S. IO outbreaks with Waterborne Kramer, 1996 
I, 714 people affected 
1993-1997 U.S. 4 outbreaks with Food borne Olsen, 2000 
45 people affected 
1995-1996 U.S. 2 Outbreaks with Waterborne Levy, 1998 
1,449 people affected 
1997 Greece 58 confirmed persons Waterborne Hardie, 1999 
affected (May 22- June 8, 1997) 
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Life cycles 
Figure 1: Cryptosporidium life cycle 
Phylum: Apicomplexa 
Order: Eucoccidiorida 
Suborder: Eimeriorina 
Family: Cryptosporidiidae. 
Genus: Cryptosporidium 
Cryptosporidium life cycle (Heyworth, 1992): 
Picture from: http://www2.kenyon.edu/depts/biology/slonc/bio38/hannahs/crypto.htm 
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Crvptosporidium parvum background 
Cryptosporidium parvum has a monoxenous life cycle--completing its entire cycle within 
a single host (Flanigan and Soave, 1993). The life cycle is complex, with both sexual and 
asexual cycles and there are six distinct developmental stages (Keusch, et al., 1995). 
The cycle begins when a new host ingests the oocysts, the environmentally resistant stage of 
the protozoan. 
1. Excystation - of the orally ingested oocyst which contains 4 infective stages termed 
sporozoites, which exit from a suture located along one side of the oocyst. The preferred site 
of infection is the ileum, and sporozoites penetrate individual epithelial cells in this region 
(Fayer, 1997). A sporozoite specific lectin adherence factor has been identified as the agent 
of attachment to the intestinal surface (Keusch, et al, 1995). 
2. Host/Oocyst Interface - Parasites are on the lumenal surface of the cells and some are 
intracellular, enclosed by a thin layer of host cell cytoplasm. A unique accessory folding of 
the parasite membranes develops at the interface between the parasite proper and the host 
cell cytoplasm. This attachment organelle is sometimes referred to as the "feeder organelle." 
The initiation of the asexual intracellular multiplication stage begins (Fayer, 1997). 
3. Differentiation of microgametes and macrogametes - Beginning with multiple fission 
(merogony; schizogony) occurs, resulting in the formation of 8 merozoites within the 
meront. These meronts are termed Type I meronts and rupture, releasing free merozoites. 
Once these merozoites penetrate new cells, they undergo merogony to form additional 
meronts. Type I merozoites are thought to be capable of recycling indefinitely and, thus, the 
potential exists for new Type I meronts to arise continuously (Fayer, 1997). 
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4.Fertilization initiating sexual replication - It is thought that some Type I merozoites are 
somehow triggered into forming a second type of meront, the Type II meront, which 
contains only 4 merozoites. Once liberated, the Type II merozoites appear to form the sexual 
stages. Some Type II merozoites enter cells, enlarge, and form macrogametes 
(macrogametocyte ). Others undergo multiple fission once inside cells, forming 
microgametocytes containing 16 non-flagellated microgametes. Microgametes rupture from 
the microgametocyte and penetrate macrogametes, thus forming a zygote (Fayer, 1997). 
5.Development of oocysts- a resistant oocyst wall is then formed around the zygote (the only 
diploid stage in the life cycle), meiosis occurs, and 4 sporozoites are formed in the process. 
Formation of sporozoites is termed sporogony 
6. Sporozoite formation - infectious sporozoites form within the oocyst. These oocysts are 
shed in the feces and into the environment (Fayer, 1997). Approximately 20% of the oocysts 
produced in the gut fail to form an oocyst wall and only a series of membranes surround the 
developing sporozoites. These "oocysts," devoid of a wall, are sometimes termed "thin-
walled oocysts." It is believed that the resulting sporozoites produced from thin-walled 
oocysts can excyst while still within the gut and infect new cells. Thus, C. parvum appears to 
have two auto infective cycles: the first by continuous recycling of Type I meronts and the 
second through sporozoites rupturing from thin-walled oocysts (Heyworth, 1992). 
14 
Figure 2: A phase contrast photograph of sporozoite release from the Cryptosporidium 
Oocyst (Flanigan and Soave, 1993). Oocysts: For microscopic identification, 
Cryptosporidium oocysts are typically ovoid, 4-6 µm and contain 4 sporozoites. They can 
cross-infect multiple species, including mice, calves, humans, dogs, birds, and reptiles. There 
is a low infective dose of <30-132 viable oocysts and this protozoan does have the ability to 
multiply to large numbers in a sinfle host animal. For example, a two-week old calf can shed 
oocysts in its stool from I 05 to IO oocysts per gram of feces. The oocyst is also resistant to 
common disinfection techniques 
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Figure 3: Giardia life cycle 
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Giardia lamblia background 
Giardia exists in two stages, trophozoites and cysts (see figure 3). Trophozoites are the 
active form of the parasite inside the body. Cysts represent the resting stage that enables the 
parasite to survive outside the body. After the cyst is swallowed, the trophozoite is liberated 
through the action of stomach acid and digestive enzymes and becomes established in the 
small intestine. Trophozoites are a teardrop shaped flagellated protozoan that live in the upper 
small intestine where they attach to the intestinal wall by means of a disc-shaped suction pad 
on their ventral surface. Trophozoites actively feed and reproduce at this location. At some 
time during the trophozoites life, it releases its hold on the bowel wall and floats in the fecal 
stream through the intestine. As it makes this journey, it undergoes a morphologic 
transformation into a cyst. The cyst, which is about 6 to 9 µm in diameter X 8 to 12 µm in 
length, has a thick exterior wall that protects the parasite against the harsh elements that it 
will encounter outside the body. This cyst form of the parasite is infectious for people and 
animals (Juranek, 1999). 
Diseases caused by Cryptosporidium parvum 
Definition - Cryptosporidiosis (crip-toe-spor-id-i-o-sis) is an intestinal illness caused by the 
Cryptosporidium protozoan. Cryptosporidium was not recognized as a human pathogen until 
1976 (NYH, 1999). 
Risk of contracting disease All humans are susceptible to infection with Cryptosporidium. 
In healthy individuals with normal immune systems, if symptoms occur, they persist for two 
weeks or less. However, immunocompromised individuals may have severe and prolonged 
illness. Some examples of immunocompromised individuals are those receiving cancer 
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chemotherapy, kidney dialysis, steroid therapy, individuals with HIV/AIDS and patients with 
Crohns disease (Fayer, 1997). 
Transmission - Cryptosporidium oocysts are shed in the feces of infected humans and 
animals. Individuals become infected by ingesting the cyst form of the protozoan. 
Cryptosporidium can be spread by person-to-person or animal-to-person contact and by 
drinking contaminated water. Infected individuals can shed the organism in their stool for 
several weeks after they recover from the illness. Because cryptosporidiosis is transmitted by 
the fecal-oral route, the greatest potential to transmit the organism comes from infected 
people who have diarrhea, people with poor personal hygiene and diapered children (Fayer, 
1997). 
Detection Specific stool sample test for Cryptosporidium. 
Symptoms - Watery diarrhea, weight loss, abdominal cramping, nausea, vomiting, fever, 
headache, loss of appetite, and electrolyte imbalance are clinical signs of the disease. 
However, some infected individuals exhibit no symptomology. In some individuals, 
especially young children, the elderly, and immunosuppressed patients, cryptosporidiosis 
became chronic and life threatening. Unfortunately, it is nearly impossible to determine the 
origin of most individual cases of cryptosporidiosis (Fayer, 1997). 
Infective dose-The general consensus for the infective dose is 30 to 132 oocysts (Fayer, 
1997). However, this dose can vary depending on the immune system of the host (Fayer, 
1997). 
Maturation - Development of Cryptosporidium oocysts occurs rapidly, each generation can 
develop and mature in as little as 12-14 hours. Due to the rapidity of the life cycle, and the 
auto infective cycles, huge numbers of organisms can colonize the intestinal tract in several 
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days. In immunosuppressed individuals, parasites can sometimes be found in the stomach, 
biliary and pancreatic ducts, and respiratory tract. The prepatent period, which is the interval 
between infection and the first appearance of oocysts in the feces, is generally 4 days (3 days 
in heavy infections). Patency, which is the length of time oocysts are shed in the feces, 
generally lasts 6-12 days in immunocompetent individuals but may be prolonged in 
immunosuppressed patients (Fayer, 1997). 
Treatment - Cryptosporidium parvum does not appear to evade the immune system of the 
host. The success of the parasite appears to be in its ability to develop rapidly and flood the 
host with oocysts. In fact, if this parasite were not efficiently eliminated from the body, it 
would quickly kill the host through dehydration and electrolyte imbalance. The only widely 
effective therapy for the parasite at this time appears to be a healthy, intact immune system 
(Fayer, 1997). There is no specific treatment for cryptosporidiosis. However, some patients 
may respond to certain antibiotics. Oral liquids or intravenous fluids are sometimes necessary 
if dehydration occurs. Anti-diarrheal drugs may provide some temporary improvement 
(NYH, 1999). 
Prevention - Boiling water to 72.4°C for at least one minute will kill Cryptosporidium 
oocysts. Unless it is distilled or pasteurized, bottled water may not be any safer than tap 
water. Current standards for bottled water do not guarantee that the water is Cryptosporidium 
free (NYH, 1999). 
lmmunity - Some immunity appears to follow infection but the degree to which a previously 
infected person is immune to subsequent Cryptosporidium infection is unclear. Exposure to a 
large dose of the parasite could result in recurrent illness (Fayer, 1997). 
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Prevalence - In industrialized nations, somewhere around 0.4% of the population appears to be 
passing oocysts in the feces at any one time. Of those patients admitted to hospitals for 
diarrhea, 2-2.5% are passing oocysts. However, the sero-prevalence is much higher, and 30-
35% (in one study over 50%) of the US population has antibodies to C. parvum. In third 
world countries, the sero-prevalence is even higher and up to 60-70% (in some studies up to 
85%) of people in these countries may have circulating antibodies to this pathogen. In AIDS 
patients, the numbers of individuals suffering from chronic cryptosporidiosis has been about 
10% in industrialized nations and up to 40% in some third world countries (Fayer, 1997). 
Cryptosporidium oocysts are widespread in the environment and can be found in lakes and 
streams. Cryptosporidium generally becomes a problem in surface waters in most areas of 
North America in March-June, when spring rains increase run-off and many young animals 
are present in the environment to amplify oocyst numbers. Ruminants, swine, cats, dogs, and 
other mammals may all contribute to numbers of Cryptosporidium oocysts in the 
environment (Fayer, 1997). 
Diseases caused by Giardia lamblia fintestinalis) 
Definition - Giardiasis is a gastrointestinal infection caused by a microscopic parasite called 
Giardia lamblia (Juranck, 1999). 
Risk- In the past fifteen years giardiasis has been recognized by the CDC as one of the most 
frequently occurring waterborne diseases in the United States (Juranck, 1999). Giardiasis can 
be a problem in areas where sanitation is poor, where there may be problems with personal 
hygiene, such as institutions or day-care centers, or when unfiltered water supplies are 
contaminated with the organism (MDPH, 1986). In 1983, for example, Giardiawas 
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identified as the cause of diarrhea in 68% of waterborne outbreaks in which the causal agent" 
was identified (Juranck, 1999). From 1965 to 1982, more than 50 waterborne outbreaks were 
reported. There are two common causes of waterborne outbreak of giardiasis. There must be 
Giardia cysts in untreated source water and/or the water purification process must either fail 
to kill or fail to remove Giardia cysts from the water (Juranck, 1999). 
Transmission - Transmission of Giardia cysts are most commonly through the fecal-oral 
route. Several years ago, beavers were thought to be the primary carrier of the cysts. Now it 
is believed they are just one of the common hosts for this protozoans. However, beavers still 
play an important part in the transmission scheme, because they serve as amplifying hosts. 
An amplifying host is one that is easy to infect, serves as a good habitat for the parasite to 
reproduce, and, in the case of Giardia, returns millions of cysts to the water for every one 
ingested. Beavers are especially important in this regard because they tend to defecate in or 
very near the water, which ensures that most of the Giardia cysts excreted are returned to the 
water (MDPH, 1986). The contribution of other animals to waterborne outbreaks of Giardia 
may include muskrats (having an infection rate of30 to 40%), coyotes, deer, elk, cattle, dogs, 
and cats (MDPH, 1986). However, Giardia cysts have been naturally isolated from horses, 
sheep, bear, rabbit, squirrel, badger, marmot, skunk, ferret, porcupine, mink, raccoon, river 
otter, bobcat, lynx, moose, and bighorn sheep (MDPH, 1986). 
A Giardia infection can be acquired when food or water that has been contaminated with 
the parasite is ingested. The parasite multiplies in the small intestine and is passed out with a 
bowel movement. Any food or drink that has become contaminated with infected stool can 
transmit the parasite. The infection can also be spread person-to-person when hands, which 
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are contaminated with an infected person's stool, are brought in contact with the mouth 
(MDPH, 1986). 
Detection Giardiasis is usually diagnosed with a laboratory examination of a trichrome 
stained fecal smear or by unstained wet fecal mounts (US Food and Drug Administration, 
1998). The samples are usually collected for three days due to the difficulty of detecting the 
cysts in the watery stool samples. An enzyme linked immunosorbant assay (ELISA) that 
detects excretory secretory products of the organism is also available, but is not cost effective 
(National Institute of Health, 1998). 
Symptoms range from asmptomatic to intestinal symptoms that usually last one week or 
more and may be accompanied by one or more of the following: explosive, watery, foul-
smelling diarrhea with fat and mucus but no blood, abdominal cramps, bloating, flatulence, 
fatigue, vomiting, fever and weight loss. While most Giardia infections persist only for one 
or two months, some people undergo a more chronic phase, which can follow the acute phase 
or may become manifest without an antecedent acute illness (US Food and Drug 
Administration, 1999). Similarly, lactose (milk) intolerance can be a problem for some 
people. This can develop coincidentally with the infection or be aggravated by it, causing an 
increase in intestinal symptoms after ingestion of milk products (MDPH, 1998). Symptoms 
ofgiardiasis usually appear 7 to 10 days (and sometimes as long as 4 weeks) after ingestion 
of the parasite. The severity of the infection depends on the host immune system. 
Infective dose Although infection after the ingestion of only one Giardia cyst is 
theoretically possible, the minimum number of cysts shown to infect a human under 
experimental conditions is ten (MDPH, 1986). 
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Maturation Onset of diarrhea usually begins within one week of ingestion of the 
environmentally resistant cyst. The infection normally lasts for I to 2 weeks, but there are 
cases of chronic infections lasting months to years. Giardia lqmblia, the parasite causing 
giardiasis, exists in two forms, trophozoites and cysts. Trophozoites are the active form of 
the parasite inside the body. At some time during the trophozoites life, it releases its hold on 
the bowel wall and floats in the fecal stream through the intestine. As it makes this journey, it 
undergoes a morphologic transformation into an egg like structure called a cyst. The cyst, 
which is about 6 to 9 micrometers in diameter by 8 to 12 micrometers in length, has a thick 
exterior wall that protects the parasite against the harsh elements that it will encounter outside 
the body (Juranek, 1999). Cysts represent the resting stage that enables the parasite to 
survive outside the body. Infection begins with the ingestion of the cysts. The acid in the 
stomach activates the cysts, which in turn release the trophozoites. Cysts form in the lower 
intestines and are then passed in the feces (National Institute of Health, 1998). 
Trophozoites divide by binary fission about every 12 hours. In practical terms, if a 
person swallowed only a single cyst, reproduction at this rate would result in more than I 
million parasites 10 days later and 1 billion parasites by day 15. 
Treatment - Four drugs are available in the United States to treat giardiasis: Paromomycin 
(MDPH, 1986), quinacrine (Atabrine*), Metronidazole (Flagyl*); (Murray Kennedy, 1996), 
and furazolidone (Furoxone*); (US Food and Drug Administration, 1998). All are 
prescription drugs. In a recent review of drug trials in which the efficacies of these drugs 
were compared, quinacrine produced a cure in 93% of 129 patients, Metronidazole cured 
92% of 219, and furazolidone cured 84% of 150 patients (US Food and Drug Administration, 
1998). Quinacrine is generally the least expensive of the anti-Giardia medications but it often 
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causes vomiting in children younger than 5 years old. Although the treatment of giardiasis 
using Metronidazole is not FDA-approved, the drug is commonly used for this purpose. 
Furazolidone is the least effective of the three drugs, but is the only anti-Giardia medication 
that comes as a liquid preparation, which makes it easier to deliver the exact dose to small 
children and makes it the most convenient dosage form for children who have difficulty 
taking pills. Cases of chronic giardiasis refractory to repeated courses of therapy have been 
noted, one of which responded to combined quinacrine and Metronidazole treatment (US 
Food and Drug Administration, 1998). 
Prevention - practicing good hygiene and using caution before drinking water from an 
unknown source can prevent giardiasis. 
Prevalence - giardiasis occurs worldwide. In the United States, Giardia is the parasite most 
commonly identified in stool specimens submitted to state laboratories for parasite 
examination. From 1977 through 1979, approximately 4% of one million stool specimens 
submitted to state laboratories were positive for Giardia (MDPH, 1986). Other surveys have 
demonstrated Giardia prevalence rates ranging from 1 to 20% depending on the location and 
ages of persons studied. Giardiasis ranks among the top 20 infectious diseases that cause the 
greatest morbidity in Africa, Asia, and Latin America (MDPH, 1986). It has been estimated 
that about 2 million infections per year occur in these regions (MDPH, 1986). 
Those with the highest risk for acquiring a Giardia infection in the United States are those 
in cities whose drinking water originates from streams or rivers and whose water treatment 
process does not include filtration, or filtration is ineffective because of malfunctioning 
equipment, hikers/campers/outdoors people, international travelers, and children who attend 
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day-care centers, day-care center staff, and parents and siblings of children infected in day-
care centers (MDPH, 1986). 
Current water treatment practices 
The most inexpensive method for home removal is to heat the water to 72.4°C for one 
minute. In addition, a commercial filtration system can be purchased or drinking bottled 
water can reduce the risk of Giardia and Cryptosporidium infection. When selecting a 
filtration system, the system should have one or all of the following characteristics: it can 
remove particles that are 0.1-1 µm in size filters water by reverse osmosis it has an "absolute" 
I-micron filter meets NSF standard no. 53 for "cyst removal" (Juranek, 1995). 
During the past 10 years, scientific knowledge concerning the removal of Giardia cysts 
from the source water of municipal water supplies has increased considerably. For example, it 
is known that cysts can survive in cold water (4°C) for at least 2 months and that they are 
killed instantaneously by boiling water (I 00°C). It is not known how long the cysts will 
remain viable at other water temperatures ( e.g., at 0°C or in a canteen at 15-20°C); (Juranek, 
1995). 
Chlorine is the most common disinfectant used in commercial water treatment plants. 
However, chlorine only works under certain favorable conditions. When the pH of water is 
above 7 .5, the disinfectant capability of chlorine is greatly reduced. The water temperature 
also affects the cyst survivability rate. The warmer the water, the higher the efficacy of the 
chlorine. Thus, chlorine does not work well in ice-cold water from mountain streams. The 
organic content of the water, such as mud, decayed vegetation, or other suspended organic 
debris in water chemically combines with chlorine making it ineffective as a disinfectant. 
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With an increase in chlorine exposure time, the more likely the Giardia cysts will be 
inactivated. Also, the higher the chlorine concentration, the more likely chlorine will kill 
Giardia cysts. Most water treatment facilities try to add enough chlorine to give a free 
(unbound) chlorine residual at the customer tap of 0.5 mg per liter of water (National Institute 
of Health, 1998). 
By December 2001, public water systems serving more than I 0,000 people must comply 
with the new IESWT rule to reduce the risk of exposing the public to these protozoans 
(Scharfenaker, 1999). This rule states that these systems must set a MCLG for 
Cryptosporidium at zero in finished water, utilize filters that remove 99% of Cryptosporidium 
oocysts, and maintain the average monthly turbidity at 0.3 to 0.5 ntu. 
Current techniques to identify protozoans in source water 
IMMUNOFLUORESCENT ASSAY (IFA) 
, 
The American Standard Testing Methods (ASTM) Information Collection Rule (ICR) is 
the current method employed by most water labs to recover and identify Cryptosporidium 
oocysts and Giardia cysts. The method is an assay that employs a flotation separation 
technique based on specific gravity and fluorescent antibodies to detect Cryptosporidium and 
Giardia. 
The ASTM-IF A method is traditionally ineffective and often cross-reacts with algae or 
other debris. One of the disadvantages of this technique is that numerous other species of 
Cryptosporidium, in addition to the human pathogen Cryptosporidium parvum, occur in the 
environment and may cross-react in diagnostic tests. This test is not specific for 
Cryptosporidium parvum or Giardia lamblia, the causative agents of disease in humans. In 
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addition, the viability of the oocysts cannot be determined and this method traditionally has a 
vaiying degree of accuracy (20-3 0% ). 
Results from this method should be interpreted with caution because high turbidity can 
affect recovery rate. Inorganic and organic debris such as algae may interfere with results by 
leading to false positives due to autofluoresing ability of certain alga cells. Also the freezing 
of any portion of the sampling techniques could harm results. Failure to detect these protozoa 
does not guarantee pathogen free source water. 
This method provides an indication of the level of contamination in raw or source water of 
only the cyst stages of Giardia and the oocyst stages of Cryptosporidium. It will not identify 
the species of protozoa, the host species of origin nor the viability or infectivity of the 
detected cysts and oocysts (ASTM-IFA handbook, 1995). 
The inefficiencies noted about this method of cyst and oocyst detection include, time 
consuming collection and processing (Crockett, 1997), a mean recovery rate for Giardia of 
34% and for Cryptosporidium of29% (States, 1997), requires a high level of technical 
expertise (Hoffinan, 1997), results are hard to reproduce (Hoffinan, 1997), lacks sensitivity 
(Hoffinan, 1997), the antibody used in the test cross reacts with species other than Giardia 
lamblia and Cryptosporidium parvum which are human pathogens (LeChevallier, 1997), and 
in addition, the assay exhibits a nonspecific fluorescence of algae species making the results 
harder to interpret (LeChevallier, 1997). To reduce the incidences of algae cells fluorescing, 
goat serum is added to the antibody, however, this is not 100% effective. The main criticisms 
of this method are its inefficiency, variability, labor-intensiveness, time-dependency, 
expensiveness, and the method relies heavily on the analyst's expertise (LeChevallier, 1997). 
In one study, ten laboratories independently tested the ASTM-IFA !CR method and the 
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median recovery efficiencies for Giardia and Cryptosporidium were 30% and 20% with the 
coefficients of variation of77% and 106% respectively (LeChevallier, 1997). Another study 
by Klonicki in I 997 indicated a mean Cryptosporidium oocyst recovery of 21.46% in raw 
water and 14.24% in finished water. Klonicki stated that the high variation in oocyst 
recovery and low precision could be due to the Percoll-sucrose flotation separation step in the 
method (see methods and materials section) in addition to the quality of oocysts used 
including source, age, preparation steps, and storage conditions (Klonicki, 1997). Hancock, 
1998, observed that positively charged materials might also lower recovery values due to the 
negative potential of the flotation separation step. 
IMMUNOMAGNETIC SEPARATION (IMS) 
These methods utilize magnetic beads conjugated to specific antibodies for 
inununomagnetic separation of Cryptosporidium or Cryptosporidium and Giardia. The 
methods in this study that utilize the IMS method are the DYNAL and ProNetic methods 
using EPA Method 1622. These methods profess to reduce the background material on the 
microscope slides, decrease sample processing times, preferentially stain the nuclei of cysts 
and oocysts for easier identification and conformation, and reduce variability of results. 
However, these methods do not detect any specific species of cysts or oocysts and do not 
detect viability of cysts and oocysts. 
The US EPA Method I 622 is the primary methodology utilized to perform the DYNAL 
and ProNetic IMS methods (Clancy, 1999). The IMS method nses 'magnetically responsive 
particles coated with an antibody (see figure 4) to react with a specific pathogen in a fluid' 
(Clancy, 1999). Testing performed by Clancy (1999), indicated the raw water recovery of the 
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AS TM-IF A (ICR) method was 11 % compared to the Method 1622 recovery in reagent water 
to be 35% and in surface water of 43%. The USEPA report on Method 1622 reports the 
recovery rates at 40% for reagent water and 3 8% for source water for Cryptosporidium and 
38% for reagent water and 42% for source water for Giardia recovery. The general reported 
oocyst recovery efficiencies for these IMS kits range from 62 to 100% for seeded samples 
(Rochelle, 1999). 
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Figure 4: IMS Technique. 
1. Add antibody beads 
to water sample 
2. Rotate for 1 hour 
3. Oocysts will attach 
to antibody beads and 
beads are attracted to magnet 
4. Discard supernatant 
5. Transfer beads to 1.5 mL tube 
and add HCl to dissociate 
antibody beads from oocysts 
6. Transfer oocysts to slide 
to examine under 
epifluorescent microscope 
60 minutes 
'\ 
'\ 5 minutes J 
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CHAPTER ill METHODS AND MATERIALS 
ASTM-IFA QCR) COLLECTION METHOD 
Collection 
Samples collected for the ASTM-IF A method were performed using the ICR 
collection station as shown in figure 6. Collection was begun by allowing the water to 
run through the apparatus for five minutes to flush the lines of debris. Flow regulation 
was adjusted to 4 L/min and 30 pounds per square inch (PSI). After flushing the lines, 
water flow was stopped and water in the filter housing was discarded. A IO - inch long, 
1 µm porosity yarn wound polypropylene filter (M39Rl OA Parker Hannifin Corp.) was 
placed in the filter holder and the lid was tightened. Water flow through the system was 
begun again and all data was recorded including start time, meter reading, flow rate, 
turbidity, pH, water temperature, date, and sampling location. Throughout the collection 
procedure, the flow readings were checked and adjusted if necessary. After I 00 L 
(twenty-five minutes at 4 L per minute) ofraw water had passed through the filter, the 
water flow was stopped. During the disconnection procedure, the inlet hose was held 
above the level of the outlet hose to prevent backwash. 
A label was attached to the plastic bag used to house the filter after collection was 
completed. The data recorded included start time, stop time, meter reading for PSI and 
flow rate, turbidity, pH, water temperature, total volume filtered, date, and sampling 
location. Latex gloves were then donned and the filter and residual water left in the filter 
holder was placed aseptically into the labeled plastic bag. Another plastic bag was 
placed around the one holding the filter to prevent loss of the sample. The bags were 
sealed and the filter was transported to the laboratory with but not directly on cold packs. 
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Once the sample arrived at the laboratory, it was stored at 2-5 °C. Processing of the 
filter was performed within 96 hours of collection. 
Processing filter 
All work areas and instruments were disinfected prior to use. The first processing 
step of the filter was handwashing. Wearing proper aseptic attire consisting of gloves 
and an apron to avoid contamination of the filter, the filter was removed from the bags 
and placed in a glass tray. The residual water left in the bag was poured directly into 
250mL plastic conical centrifuge bottles. The plastic bag was rinsed with eluting 
solution and this was added to the conical centrifuge bottles. The bags were then 
properly disposed of in an appropriate biohazard container. Using a razor knife, the filter 
fibers were cut down to the plastic core. The plastic core was disposed of and the cutting 
knife was disinfected. The filter fibers were separated into small sections and placed in a 
clean plastic bag with 1. 75 L of eluting solution (ingredients for solutions are listed in 
the appendix section). The fibers were washed in the bag by kneading them for ten 
minutes. The fibers were wrung out to express as much fluid as possible and the fibers 
were placed in a second plastic bag. The fluid left in the first bag was poured into plastic 
conical centrifuge bottles and the bag was rinsed with eluting solution. This rinsing was 
also placed into conical centrifuge bottles and the bag was disposed of properly. Another 
I. 7 5 L of eluting solution was then added to the filter fibers in the second bag and the 
washing procedure was repeated. 
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Centrifugation to pellet 
After the second bag had been rinsed with eluting solution and disposed of, all fluid 
from the handwashing was placed in plastic conical centrifuge bottles and the filter fibers 
were discarded. The combined eluate and residual water was concentrated into a single 
pellet by centrifuging the conical bottles at 1,050 x g for IO minutes using a swinging 
bucket rotor centrifuge (GS-6KR Beckman). The supernatant fluid was carefully 
aspirated and discarded and the pellet was resuspend in sufficient eluting solution by 
vortexing. After combining the particulates in one conical bottle, it was centrifuged once 
more at 1,050 x g for 10 minutes and the packed pellet volume was recorded. The 
supernatant fluid was carefully aspirated and discarded. The pellet was resuspended by 
vortexing in an equal volume of 10% neutral buffered formalin solution. If the packed 
pellet volume was less than 0.5 mL, enough buffered formalin solution was added to 
bring the resuspended pellet volume to 1.0 mL. At this point a break could be inserted if 
necessary. The formalized pellet can be stored at 2-5°C until ready to complete the 
flotation and staining procedure. 
Flotation • separation 
When ready to continue, the formalin- packed pellet was resuspended by vortexing 
(SID deluxe mixed American Science Products IL #58220). In a separate 50mL plastic 
conical centrifuge bottle, lmL of the vortexed packed pellet was added to 19 mL of 
eluting solution. Using a 50-mL syringe and 14-gauge cannula, the 20-mL vortexed 
pellet suspension was underlaid with 30 mL Percoll-sucrose floatation solution. Without 
disturbing the pellet suspension-Percoll-sucrose interface, the preparation was 
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centrifuged at 1,050 x g for 10 minutes. Upon completion of centrifugation, the brake 
was not applied to slow the centrifuge in order to avoid lysing the cysts and oocysts. 
Using a 25 mL pipette rinsed with eluting solution, the top 20 mL particulate 
suspension layer, the interface, and 5 mL of the Percoll-sucrose below the interface was 
drawn off and placed in a separate 50 mL conical centrifuge bottle. Enough eluting 
solution was then added to this to reach a final volume of 50 mL. This was then 
centrifuged at 1,050 x g for ten minutes. The supernatant fluid was then aspirated and 
discarded down to 5 mL plus pellet. The bottle was then vortexed to resuspend pellet 
and lmL of the suspension was removed for filtration and staining. 
IF A staining the slides 
The Indirect Fluorescent Antibody (IF A) staining procedure is the next step, using the 
HYDROFLUOR - Combo stains (ENSYS Inc. # N070800). All reagents were brought 
to room temperature. The suspension was filtered using a 25 mm diameter, 0.22 um pore 
size cellulose acetate membrane filter (#0 I 99800402mll2864-0 I 8 Millipore/Durapore 
membrane) and a support filter, which were immersed in IX PBS for at least one minute. 
Once hydrated, the support filter was placed on the filter housing vacuum unit (LT-10 
Filterite LMO!oU-3/4) using disinfected membrane filter forceps. The cellulose-acetate 
membrane filter was then placed on top of the support filter on the filter housing vacuum 
unit. A separate well on the filter housing was used for each sample and a positive 
control was performed at the same time to assure that the procedure was done properly. 
Each well and membrane filter was rinsed with 2mL I% Bovine Serum Albumin (BSA) 
and drained. A 0.5 mL aliquot of sample was placed onto the membrane filter and 
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filtered. The membrane was then rinsed with 0.5 mL I% BSA. The vacuum was not on 
long enough to pull air through the membrane filter or allow filter to dry. 
The Primary Antibody Reagent or Labeling Reagent was diluted with normal goat 
serum in Ix PBS. The following formula was used to determine the amount of each 
reagent needed to stain F-number of membranes. 
Where: F = number of membrane filters 
Q = volume of Primary Antibody Reagent or Labeling Reagent required 
G = volume of normal goat serum (value is equal to Primary Antibody or 
Labeling Reagent volume) 
V = volume of PBS required to dilute reagents 
Fx 0.0525 = Qml, Fx 0.0525 = Gm!, Fx 0.420 = Vml 
Applied example: 
For six membrane filters, the amount of Primary Antibody Reagent or Labeling Reagent 
would be 0.315 ml (Q ml = 6 x 0.0525 ml). Add 0.315 ml goat serum and 2.52 ml PBS. 
The final diluted volume would be 3.1 ml. 
After calculating the amount of reagents needed, 0.5 mL of diluted Primary Antibody 
Reagent was applied to each filter. The membrane filter was then incubated for twenty-
five minutes at room temperature. The vacuum remained off so that the reagent stayed on 
top of the membrane filter. After the incubation period was completed, the membrane 
filter was rinsed five times with 2 mL Ix PBS. 
The Labeling Reagent was diluted 1: 10 (using the above calculations) with goat 
serum. Then, 0.5 mL of diluted Labeling Reagent was added to each membrane filter. 
The filters were incubated for twenty-five minutes at room temperature while shielded 
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from light by using aluminum foil over the wells. During this twenty-five minute period, 
the vacuum remained off and the reagent stayed on top of the filter. 
Each filter was rinsed five times with 2mL I X PBS. Finally, the membrane filters 
were dehydrated by sequentially applying 1.9 mL of 10, 20, 40, 80, and 90.2% ethanol 
solutions containing 5% glycerol. Each solution was drained thoroughly before applying 
the next in the series. Then, a glass slide was labeled for each filter and placed on a slide 
warmer set at 37 °C with 75 µL 2% DABCO-glycerol mounting medium (Sigma 
Chemicals #75H02545) added to each slide and allowed to warm for 20-30 minutes. 
Finally, the top cellulose acetate filter was removed using disinfected forceps and placed 
on the corresponding labeled DABCO-glycerol mounting medium prepared slide. If the 
entire filter was not wetted by the medium, a little more was added under the filter. A 
clean pair of forceps was used to handle each filter. The filters were then allowed to 
warm on the slide warmer for twenty minutes, and/or until the filter became transparent. 
If the filter began to tum white, more mounting medium was applied. After the twenty 
minutes, 20 uL of DABCO-glycerol mounting medium was applied to the center of each 
membrane filter and covered with a coverslip. All bubbles that formed were tapped out 
and the edges of the covers lip were sealed with fingernail polish. A separate bottle of 
polish was used for the positive control and the samples to help prevent any accidental 
contamination of the slides. 
Microscopic examination 
The slides were then examined for Giardia and Cryptosporidium under 200 X 
magnification using an epifluorescent microscope. (See Microscopic evaluation for 
detection and confirmation) 
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Figure 5: ASTM-IFA (ICR) flow chart. 
,J, 
Collection (lOOL) Yarn wound filter 
,J, 
Transport to lab (2-5°C) 
,J, 
Elution (wash twice) 
,J, 
Concentration 
(Centrifuge 1,050 x g for 10 min) 
,J, 
Pellet with formalin 
,J, 
Percoll-Sucrose flotation 
,J, 
Centrifuge 
,J, 
Remove interface 
,J, 
Centrifuge 
,J, 
Stain (membrane filter, fluorescent antibody, dehydration) 
,J, 
Examine Microscopically 
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-.-.■- WATER SOURCE 
Inlet hose 
I (pump optional at thesa points) 
quick connects I 
proportioner 
(for disinfected water) 
Figure 2. 
Finished Water Sampling Apparatus 
fitter 
holder 
Figure 6: ASTM-IF A (ICR) collection station 
flow control valve 
.. ~ ,,,,, ''"'''" ,x, ,, 
The !CR collection device for a raw water source consists of a female hose connector, an 
inlet hose, pressure regulator and gauge, filter holder, I um porosity filter, an outlet hose, 
and a flow control valve set at 4L/min. For on site (not from a faucet or water plant) 
collection, a garden hose is used for an inlet hose and a sump-pump is needed to provide 
pressure. 
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Figure 7: Sample calculations for results calculated 
In the following tables, AS TM-IF A (ICR) methods were calculated based on I 00 L 
samples, therefore, to remain consistent, the DYNAL and ProNetic results were also 
calculated for 100 L using this formula: (EPA, 1995) 
I. Assume a 100-gal (380 L) water sample was collected. The sample was eluted resulting 
in 5 mL of sediment. Fifty percent (2.5ml) of the sediment was purified by Percoll-
sucrose flotation. Forty percent of the floated material was examined microscopically. 
A total of 8 empty and 3 Giardia cysts with I internal structure were found. No 
Cryptosporidium oocysts were observed. Using the formula below: 
2. Where: 
V = Liters of water collected 
P = Packed pellet volume 
F = (mL P floated)/ P 
R =%of P examined microscopically 
TG = Total Giardia cyst count 
3. Calculations: 
V 380L 
P = 5ML 
F 2.5/5=0.5 
R = 40%=0.4 
TG = 11 
GWlS = 3 
Giardia cysts with structures = (GWIS) (100) 
IOOL FVR 
Total IF A Giardia cysts 
IOOL 
= (3)(100) 
(0.5)(380)(0.4) 
(TG)(IOO) 
FVR 
(11) (100) 
(0.5)(380)(0.4) 
= 14 
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IMS METHOD 
THE HACH PRONETIC METHOD 
Collection 
Samples for the ProNetic method were collected using the HACH sample collection 
station (#49900-00 see figure I 0), which is designed for use with the Gelman Envirochek 
filter (Gelman Sciences, Inc. #12110//26861-0). The filter has a lµm normal porosity in 
order to remove Cryptosporidium oocysts from water samples (see figure 10). This 
device was designed specifically for use in a water treatment facility. The station was 
mounted on the wall and the inlet line was attached to the source and the on/off valve. 
The outlet drain tubing was placed into a suitable drain. The inlet and outlet tubing were 
connected with an in-line barb fitting. The on/off valve was turned on to purge any 
residue or debris for 2-3 minutes. For initial use, the flow rates were set. The pressure 
regulator knob was pulled out to unlock it then turned clockwise until it stopped, and 
then rotated counterclockwise three and a half turns. The pressure regulator was 
continually rotated until the pressure read IO psi ( counterclockwise decreased pressure, 
clockwise increased pressure). After completion of this step, the flow meter was turned 
off and the in-line barb fitting was removed from between the inlet and outlet lines. 
The green end caps were removed from the Gelman filter and the end caps were 
saved for later use. The inlet tube was attached to the top of the filter with the flow 
arrow on filter point downward. The outlet tubing was attached to the bottom of the 
filter and the Gelman filter was placed through the bottom hole of the mounting station 
to stabilize the filter. 
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Once the filter was in the proper position, the on/off valve was turned on and the flow 
control knob was rotated until the flow was 2 LPM (liters per minute). The flow was set 
to 2 when the top of the float was even with the "2" line. When necessary, the pressure 
was readjusted to at least 10 psi but no more than 15 psi. When steady, the pressure 
regulator knob was pushed in to lock it. The bleed valve was rotated one half a tum to 
release the air above the filter so that the top of the filter was covered with water. After 
the sample ran for five minutes at 2 LPM so that 10 liters of water was collected, the 
flow valve was turned off. 
The inlet line was disconnected from the filter and the green end cap was placed back 
on the filter. The outlet line was also disconnected from the filter and the other end cap 
was replaced on the bottom of filter. The water remained inside the filter during 
transport. The filter was then transported to the lab with but not on cold packs inside an 
ice chest. The filter was stored at 1-8 °C and processed within seventy-two hours of 
collection. The start time, stop time, turbidity, pH, volume filtered, and location of 
sample were recorded. 
Processing of the filter 
Processing the filter at the lab began by assembling the wrist-action shaker so the 
clamps were vertical. After allowing the filter and all reagents to come to room 
temperature, the end cap was removed from the top of the filter (the end with the flow 
arrow). Laureth-12 buffer was poured into the filter until the liquid level was¼ inch 
above the pleated filter, about 120mL were needed. The purpose of the elution step was 
to wash the filter and concentrate the oocysts into a packed pellet. The end cap was 
replaced and the filter was placed into the wrist shaker with the bleed valve in the 12 
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o'clock position. The clamps of the wrist-action shaker were fastened and the speed of 
the shaker was set at eighty percent of the maximum rate (about 600 rpm) and the filter 
was shaken for five minutes. The filter was removed from the wrist-action shaker and 
the top green end cap was removed. The contents of filter were poured into a labeled 
250mL conical centrifuge bottle. Fresh Laureth-12 buffer was poured into the filter until 
the liquid level was ¼ inch above the pleated filter, about 120 mL. The end cap was 
replaced and the filter was reinserted into the wrist shaker with the bleed valve on the 
filter in the 3 o'clock position and the clamps were fastened. The filter was shaken for 
another five minutes. The end cap was then removed and the contents of the filter were 
poured i1c1to the same 250mL-centrifuge bottle. 
Centrifugation to pellet 
The centrifuge bottle was centrifuged at 1000-llOO x g for 15 minutes and allowed to 
decelerate slowly so as not to disturb the pellet. An aspiration device was then 
assembled with a Pasteur pipette tip and was used to aspirate the supernatant liquid from 
the centrifuge bottle until 5 mL of solution plus pellet was left in the bottom of the 
centrifuge bottle. The sample was brought to I OOmL using the appropriate ProNetic 
Wash Buffer. The sample was then vortexed for thirty seconds and the sample was 
centrifuged for 15 minutes at I 000-1100 x g. After centrifugation, a vacuum pump and 
Pasteur pipette were used to aspirate to 5 mL supernatant liquid plus the pellet. The 
sample was then vortexed for two minutes. Using a pipette, the resuspended pellet was 
transferred into a 15 mL centrifuge tube and using a IO mL pipette, the 250 mL 
centrifuge tube was rinsed with 5 mL of ProNetic Wash Buffer. The wash was placed 
into the same 15mL tube as the pellet and the tube was vortexed. Pellets larger than 
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0.250mL were divided in order to process no more than 0.250mL in each tube for the 
immunomagnetic separation step. 
IMS step 
The ProNetic Ciypto Ab beads were resuspended by inverting the tube end over end 
twenty times. Two milliliters of the resuspended ProNetic Ciypto Ab beads were 
pipetted into the 15mL centrifuge tube containing the 0.250mL sample pellet. The 
centrifuge tube was then placed on a rotator (#27391-00) for 30 minutes at 8rpm. After 
30 minutes, the tube was placed in the ProNetic Three Tube Magnet (#49906-00) and 
gently rocked in a ninety-degree horizontal arc 4 times. The tube and magnet were then 
placed upright on a flat surface and the cap was loosened without moving the tube and 
the tube was left undisturbed for IO minutes. After IO minutes, using a vacuum pump, 
the supernatant liquid was aspirated without disturbing the beads. However, if the 
sample was turbid, 10 mL of the appropriate wash buffer was added to the tube and the 
last two steps were repeated. Once the supernatant liquid was aspirated, the tubes were 
removed from the Three Tube Magnet. The sample and beads were then resuspended in 
I mL of ProNetic Wash Buffer. This suspension was then transferred to a labeled 1.5 
mL tube and the tube was capped. The capped 1.5 mL tube was placed into the ProNetic 
Micro Tube Magnet (#49907-00) and rotated in a I SO-degree arc for one minute. After 
one minute, the ProNetic Micro Tube Magnet was placed on a flat surface. Using a 
vacuum pump, the liquid from the cap of the tube and the tube itself was aspirated and 
two drops of ProNetic Detachment Reagent was added to the 1.5 mL tube. The capped 
1.5 mL tube was placed in a vortex holder and vortexed continuously at full speed for 
two minutes. After two minutes, the tube was placed in the ProNetic Micro Tube 
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magnet. In the magnet, the antibody beads migrated to the tube wall and the 
Cryptosporidium oocysts remained in the fluid. This fluid was used to prepare an IF A 
slide for the microscopic detection of Cryptosporidium oocysts. 
Staining the slides 
Oocysts were stained using a labeled three well slide with two drops of ProNetic 
Neutralizing Reagent added to the center of a well. Without disturbing the beads, the 
sample was transferred from the l .5mL tube to the well containing the Neutralizing 
reagent. This mixture was pipetted up and down several times to mix. The slide was 
then placed on a 45-50 °C slide warmer until the sample was completely dried, usually 
about 10-15 minutes. Care was taken that the slides were not over dried. Once dry, the 
well was washed by filling it with 250 uL of ProNetic Wash Buffer. The Wash Buffer 
was immediately removed by aspirating it from side of well using a pipette. The slide 
was then placed in a humid chamber at room temperature and one drop of room 
temperature ProNetic fluorescein isothiocyanate (FITC) stain was added to the well. The 
slide was gently tilted to ensure the entire well was covered with the stain. The slide was 
incubated in the dark for 30 minutes. After 30 minutes, the FITC stain was removed by 
tilting the slide and aspirating the stain from the side of well. The well was then washed 
with 250 uL of ProNetic Wash Buffer, which was immediately removed. The slide was 
allowed to completely air dry at room temperature in the dark. Once the slide was 
completely air dry, one drop of ProNetic DAPI stain was added to the well and the slide 
was left undisturbed at room temperature in the dark for 1-2 minutes. After 1-2 minutes, 
the DAPI stain was aspirated and the well was washed with 250 uL of ProNetic Wash 
Buffer. The slide was allowed to completely air dry at room temperature in the dark. 
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After the slide was dry, one drop of ProN etic Mounting Medium was added to the center 
of the well and a round 18 mm coverslip was placed onto the slide and sealed with 
fingernail polish. 
Microscopic examination 
The slide was examined using an epifluorescent microscope for Giardia and 
Cryptosporidium under 200 X magnification (see microscopic evaluation for detection 
and confirmation). 
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Figure 8: ProNetic flow chart 
ProNetic 
Collection (10 l), Transport to lab 1-8° C 
,!. 
Elution (Laureth-12 buffer- 5 min -twice) 
,!. 
Centrifuge (1000-1100 x g 15 min) to a 0.250 pellet 
,!. 
Immunomagnetic separation 
15ml tube with 2 ml Crypto antibody beads 
,!. 
Rotate 8 rpm for 30 min 
,!. 
Three tube magnet- 10 min 
,!. 
Aspirate supernatant 
,!. 
1 ml wash buffer, transfer to 1.5 ml tube, rock for 1 min 
,!. 
Detachment reagent, vortex 2 min 
,!. 
Magnet (beads on wall, crypto in liquid) Transfer to slide 
,!. 
Staining (IFA) 
Neutralizing reagent, dry slide, stain with FITC, DAPI 
,!. 
Microscopic Evaluation 
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IMS METHOD 
DYNAL METHOD 
The DYNAL method was designed for rapid selective separation of Giardia cysts and 
Cryptosporidium oocysts from water sample concentrates using immunomagnetic separation. 
The DYNAL method (see figure 9) is similar to the ProNetic method and complies with the 
USEPA Method 1622. However, there are a few processing differences in the two methods. 
The DYNAL kit does not include any eluting solutions (Laureth-12 buffer) or stains. The 
other differences are the buffers, the anti-Crypto and anti-Giardia antibodies, the sample is 
rotated for one hour instead of 30 minutes, the supernatant is decanted instead of aspirated 
after the first Magnetic Particle Concentrator (MPC) step, and the sample is air dried and 
methanol fixed to the slide before staining. Finally, a major difference that exists between the 
ProNetic and DYNAL method kits is that the DYNAL method tests for Cryptosporidium and 
Giardia whereas the ProNetic method only tests for Cryptosporidium. 
Collection, processing the filter, centrifugation, and IMS steps 
A ten-liter sample was collected using the ProNetic collection station with a Gelman 
Envirocheck filter (see figure I 0) and centrifuged down to a final volume of I 0mL (see 
ProNetic method). A difference in this method as compared to the ProNetic method is that 
the eluting solution used was the eluting solution made for the ASTM-IF A (!CR) method and 
not the pre-made Laureth-12 buffer. The !0mL sample that was collected was placed in a 
flat-sided Dyna! L-10 tube, (125xl6mm with a 60x!0mm flat side prod #740.03) containing 
lmL of !OX SL buffer A (clear) and !ml !Ox SL buffer B (magenta solution). The 
Dynabeads Crypto-combo and Dynabeads Giardia combo were vortexed for IO seconds. The 
vials were then inverted several times to ensure proper mixture. I00µL of the anti-Giardia 
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and the anti-Crypto beads were added to the DYNAL L-10 tube containing the sample. The 
DYNAL L-10 tube was then placed in a rotating mixer and rotated at 15-20 rpms for one 
hour at room temperature. After one hour, the tube was removed from the rotator and placed 
in the magnetic particle concentrator (MPC-1; #120.01), with the flat side of tube toward 
magnet and the MPC-1 and tube were rocked at a 90° angle for two minutes with at least one 
tilt per second. After rocking the tube, it did not stand motionless for more than ten seconds 
before the cap was removed and the supernatant liquid was poured off. During this 
decanting, the tube was not shaken or removed from the MPC-1. Once the liquid was poured 
off, the tube was removed from the magnet and the sample was resuspended in lmL of IX 
SL buffer A ( I 00µL of I Ox SL buffer A diluted to I ml with sterile water) and was mixed 
gently but not vortexed. The sample was then transferred to a l .5mL microcentrifuge tube. 
The microcentrifuge tube was then placed in the magnetic particle concentrator (MPC-M; 
# 120.09) with the magnetic strip in place. The MPC-M was rocked at a 90° angle for one 
minute after which time the Dynabeads complex was a clear dot at the back of the tube. After 
the minute, the supernatant was aspirated from the microcentrifuge tube without disturbing 
the beads or shaking the tube. 
After drawing off the supernatant, the magnetic strip was removed from the MPC-M and 
S0µL of0.IN HCL was added to the microcentrifuge tube and vortexed for 10 seconds. The 
tube was then placed back in the MPC-M without the magnet strip and left to stand for ten 
minutes. The tube was then vortexed for ten seconds. The tube was placed back in the MPC-
M and the magnetic strip was replaced. The tube was left to stand for ten seconds. 
Meanwhile, a DYNAL spot on slide was prepared by adding 5µL of IN NaOH. The liquid 
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from the microcentrifuge tube was then transferred to the slide and pipetted several times up 
and down to mix. The sample was then air-dried. 
Staining the slides 
Once the slide was air dried, 50µL of methanol was added to the sample well on the slide 
and allowed to air dry to fix the sample. The slide was stained by adding 50µL of FITC stain 
to the sample well and then the slide was placed in a humid chamber in 37°C incubator for 
30-40 minutes. After the 40 minutes, a Pasteur's pipette was used to aspirate the FITC from 
the slide. One drop of the OAP! stain was added to the well and allowed to stand in the dark 
for one minute. The OAP! was then aspirated from the well and 50µL of sterile water was 
added to the sample well and allowed to sit for 1-3 seconds and then was aspirated from the 
well. OABCO glycerol (I0µL) was placed on the well and a coverslip was added and fixed 
with fingernail polish. 
Microscopic examination 
The slide was then examined under epifluorescent microscope for Giardia and 
Cryptosporidium under 200 X magnification (see microscopic evaluation for detection and 
confirmation). 
49 
Figure 9: DYNAL flow chart 
DYNAL 
Collection of 10 L sample 
using ProNetic Sampling Station 
with a Gelman Envirochek Filter and Elution 
,!. 
Dynal L-10 tube, 1ml buffer A, 1ml buffer B, sample, 
100 u L anticrypto, 100u L antigiardia 
,!. 
Rotate 1 hour 
,!. 
MPC-1 for 2 min 
,!. 
Decant supernatant 
,!. 
1ml 1X buffer A transfer to 1.5 ml tube 
,!. 
MPC-M 1 min 
,!. 
Aspirate supernatant 
,!. 
50 u L HCI leave 10 min 
to dissociate Dynabead from sample 
,!. 
Vortex 
,!. 
Transfer oocysts to slide with 5 u L NaOH 
,!. 
Air dry and methanol fix 
,!. 
FITC and DAPI stain 
,!. 
Microscopic examination 
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MICROSCOPIC EVALUATION USING IFA AND DIC 
The ASTM-IFA (ICR), ProNetic and DYNAL prepared slides were observed using 
the epifluorescent microscope (Zeiss MC80 with DIC). All slides were scanned using 
the 20X objective. When a suspected Cryptosporidium oocyst or Giordia cyst was 
detected, they exhibited an apple-green fluorescence with the typical size and shape of 
the protozoan. In order to confirm a possible oocyst or cyst, measurements were 
performed. Cryptosporidium oocysts are typically ovoid and 4-6 µm and Giordia cysts 
are elliptical and 8-18 µm by 5-15 µm. Those organisms within the acceptable size 
range were then observed using DIC to confirm internal structures. These internal 
structures were for Giardia, at least two of the following internal structures: nuclei, 
median bodies, and axoneme; and for Cryptosporidium, up to four sporozoites ( crescent 
shaped structures inside the oocyst). 
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Figure 10: HACH Sample Collection Station 
The ProNetic and DYNAL Methods of collection use the HACH sample collection station 
designed for use with the Gelman Envirochek filters. The unit consists of an inlet hose, bleed 
valve, flowrneter, flow control valve, outlet drain tubing, Gelman Envirocheck Filter, 
pressure regulator knob, on/off valve, and pressure gauge. The arrows in the diagrams denote 
water flow in the collection station 
Flgure2 Setting lnltlal Flow Parameters 
r------if 
On/Off 
Valve 
Pressure 
Regulator 
Knob 
In-line 
Barb 
Fitting 
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CHAPTER IV RESULTS 
Ten source waters in eastern and western Kentucky were used to compare the 
effectiveness of the ASTM-IFA (ICR) method and the IMS Method 1622 (ProNetic and 
DYNAL Methods) for recovery of Giardia cysts and Cryptosporidium oocysts. Samples 
were collected from lakes, rivers, and streams that serve as municipal water sources. Figure 
11 shows the ten-source water sites in Kentucky that were selected based on the possible 
presence of Giardia and Cryptosporidium as indicated from previous research. 
Table 3 shows the weather conditions at the ten sites during the collection times. The 
weather information was collected to determine ifthere was a seasonal variance in the 
number of oocysts and cysts in the water samples. The greatest number of cysts and oocysts 
were seen in the spring season (see tables 3 and 4). Unfortunately, there was very little rain 
during the collection period. This may have had an impact on the number of cysts and 
oocysts recovered. Research reported by the CDC indicated the majority of cysts and 
oocysts are most abundant during March through July (Kramer, 1996). This correlates with 
· most areas rainy seasons and was confirmed in the results presented here. 
Table 4 indicates the physical and bacterial parameters at the time of collection for the 
AS TM-IF A (ICR) method. The average amount of sample collected was I 02 L for 34 
minutes at 3L per minute at 30 PSI. The temperature was then measured in addition to the 
turbidity, and pH. After the samples were filtered and concentrated, the Packed Pellet 
Volume (PPV) was recorded in order to calculate the number of cysts and oocysts in the 
sample (see Methods and Materials). 
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Figure 1 J: Map of the ten source water sites in Kentucky 
* Logan Coonzy (Herndon and Spa Lakes) 
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Table 3: Weather conditions for the ten source water sites. 
10-22-98 60-65 °F day 35-40 Of night no rain 
10-23-98 " °F day " Of night no rain 
10-24-98 " °F day " Of night no rain 
10-25-98 " °F day " Of night no ram 
10-26-98 60-65 °F day 35-40 Of night no rain 
11-2-98 52-60 °F day 42°F night Slight rain in morning 
11-7-98 30°F day 50°F night no rain 
11-8-98 36°F day 51 °F night 0.04 in rain 
11-9-98 41°F day 58°F night no rain, foggy, cloudy 
Rain for November= 0.11 in. 
Rain for the year 1998 = 44.56 in. 
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The fecal coliforms were enumerated in each sample to determine if there was a correlation 
between detection of cyst and oocysts were detected and the number of fecal coliforms in the 
water sample. Fecal coliforms are not a definitive indication of cyst and oocyst 
contamination, however, they do indicate that fecal material is entering the water system and 
thus indicate a possible chance of contamination by Cryptosporidium and Giardia. 
The same data as stated in Table 4 for the ASTM-IF A (ICR) method is reflected in Tables 
5 and 6 for the ProNetic and DYNAL Methods. The results from Table 6 were not collected 
in the same manner as the ProNetic and ASTM-IFA (ICR) methods. The ProNetic and 
ASTM -IF A (ICR) methods were collected directly from the water source on the day 
indicated. The DYNAL Method was implemented after the research project had been 
initiated; therefore, the formalized pellets from the ASTM-IF A (ICR) method were used to 
process the DYNAL samples. Data was collected to determine if temperature, pH, and fecal 
coliform rates correlated to oocyst and cyst recovery. 
Table 7 shows the results of the same site analysis. The site was selected from one of 
the original ten sites based on a consistent recovery of cysts and oocysts. Slate Creek and 
Allison Creek, a tributary of Slate Creek, were selected and sampled five times between April 
1999 and June 1999. The computed results were calculated per I00L to adequately compare 
the three methods. The sample calculation is shown the methods and materials in Figure 7. 
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Table 4: ICR Method physical and bacterial parameters of sample collected. 
SITE SOURCE AMOUNT TEMP TURBIDITY PPV pH FECAL DATE 
# FILTERED COLIFORM COLLECTED 
I Triplett 400L 14.s0 c 6.5 5 7.2 56 10-26-1998 
Creek (lhr40min 
at 4L/min) 
@30 PSI 
2 Slate 114L 51°F 4.6 2.5 7.5 4 11-2-1998 
Creek (lhr35min 
atl.2L/min) 
@ 30 PSI 
3 KY River 102L 18.6°C 7.5 4 7.6 12 11-9-1998 
(34min at 
3L/min) 
@30PSI 
4 Herndon 30 Gal. (30 4 11-12-1998 
Lake min) 
5 Soa Lake 3 11-11-1998 
6 Tug Fork 10-20 5 8.2 72 11-16-1998 
River 
7 Crum 2.5 11-20-1998 
Lake 
8 Licking IO0L 14°c 1.8 2 7.7 12-1-1998 
River (lhrl5min 
at1L/45sec) 
@30 PSI 
9 Fox Creek 102L 2.5 12 12-8-1998 
(34minat 
3L/min) 
@30PSI 
10 Christy 102L 2.0 1120 12-9-1998 
Creek (34min at 
3L/min) 
@30PSI 
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Table 5: PRONETIC Method physical and bacterial parameters of samples collected. 
SITE SOURCE AMOUNT TEMP TURBIDITY PPV pH FECAL DATE 
# FILTERED COLIFORM COLLECTED 
I Triplett 7.5L 14.5°C 6.5 0.25 7.2 56 10-26-1998 
Creek (!Smin at 
0.SUmin) 
liil 0 PSI 
2 Slate ISL s1°F 4.6 0.25 7.5 4 11-2-1998 
Creek (15 min at 
!Umin) 
Im I PSI 
3 KY River IOL 18.6°C 7.5 0.25 7.6 12 I 1-9-1998 
(IO min at 
IL/min) 
/al 0 PSI 
4 Herndon I0L 0.25 ll-9-1998 
Lake (IO min at 
IL/min) 
Im 0 PSI 
5 Spa Lake I0L 0.25 II-II-1998 
(IO min at 
IL/min) 
@0 PSI 
6 Tug Fork IOL 10-20 0.25 8.2 72 I 1-16-1998 
River (IO min at 
IL/min) 
/al 0 PSI 
7 Crum IOL 0.25 ll-20-1998 
Lake (IO min at 
IL/min) 
@ 0 PSI 
8 Licking I0L 14°c 1.8 0.25 7.7 12-1-1998 
River (7 min at 
I.SL/min) 
liil 0 PSI 
9 Fox IOL 0.25 12 12-8-1998 
Creek (IO min at 
!Umin) 
Im 0 PSI 
IO Christy I0L 0.25 ll20 12-9-1998 
Creek (IO min at 
IL/min) 
@OPS! 
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Table 6: DYNAL Method physical and bacterial parameters of samples collected. 
SITE SOURCE TEMP TURBIDITY pH FECAL DATE DATE PPV 
# COLIFORM COLLECTED PROCESSED 
I Triplett I4.5°C 6.5 7.2 56 10-26-98 5-13-1999 0.5 
Creek 
2 Slate 51°F 4.6 7.5 4 11-2-98 6-2-1999 0.25 
Creek 
3 KY River l8.6°C 7.5 7.6 12 11-9-98 1-10-2000 0.25 
4 Herndon 11-9-98 1-10-2000 0.25 
Lake 
5 Spa Lake 11-11-98 1-10-2000 0.25 
6 Tug Fork 10-20 8.2 72 11-16-98 1-12-2000 0.25 
River 
7 Crum 11-20-98 1-12-2000 0.25 
Lake 
8 Licking 14°c 1.8 7.7 12-1-98 1-12-2000 0.25 
River 
9 Fox 12 12-8-98 1-12-2000 0.25 
Creek 
IO Christy 1120 12-9-98 5-27-1999 0.5 
Creek 
**These Dyna! results were tested using the pellets formalized from the AS TM-IF A (ICR) 
method 
59 
Table 7: Spring Results of same site analysis for physical and bacterial parameters. 
SITE# SOURCE AMOUNT FECAL PPV DATE DATE ACTUAL COMPUTED 
FILTERED COLIFORM COLLECTED READ RESULTS RESULTS 
PERlO0L 
2 Slate Ck. !CR 102 L 468 3.5 4122199 4124199 3C 2G Total C w/S = 21 
(34min@ TotalGw/S=I4 
3Umin) 
2 Slate Ck. ProNetic I0L 468 0.5 4122199 4/23/99 2C Total C w/S = 40 
(lOmin@ 
lUmin) 
2 Slate Ck. Dyna! I0L 468 0.5 4122199 4/23/99 7C JG Total C w/S = 140 
(lOmin@ Total G w/S = 20 
lUmio 
11 Allison !CR 102L 256 3 5/13/99 5/15199 2C IG Total C w/S = 12 
Ck (34min@ Total G w/S = 6 
3Umin) 
11 Allison ProNetic I0L 256 0.5 5/13/99 5113199 2C Total C w/S = 40 
Ck (lOmin@ 
!Umin) 
11 Allison Dyna! I0L 256 0.4 5/13/99 5/13199 3C JG Total C w/S = 75 
Ck (lOmin@ Total G w/S = 25 
!Umin 
2 Slate Ck. !CR 102L 264 5 5126199 5127199 IC IG Total C w/S- IO 
(34min@ Total G w/S = IO 
3Umin) 
2 Slate Ck. ProNetic IOL 264 0.5 5126/99 5127199 IC Total C w/S = 20 
(!0min@ 
!Umin) 
2 Slate Ck. Dyna! IOL 264 0.5 5126199 5127199 6C 2G Total C w/S = 120 
(I0min@ Total G w/S = 40 
lUmin 
2 Slate Ck. !CR I02L 480 2.5 6/1/99 6/4/99 0C 6G Total C w/S = 0 
(34min@ Total G w/S = 29 
3Umin) 
2 Slate Ck. ProNetic IOL 480 0.25 6/1/99 6/4/99 3C Total C w/S = 120 
(IOmin@ 
!Umin) 
2 Slate Ck. Dyna! IOL 480 0.2 6/1/99 6/4/99 0C 0G Total C w/S - 0 
(I0min@ Total C w/S = 0 
!Umin 
2 Slate Ck. !CR 102 L 150 4 6/21/99 6/2'2J99 IC 0G Total C w/S = 8 
(34 min@ Total G w/S = 0 
3Umin) 
2 Slate Ck. ProNetic IOL 150 0.5 6/21/99 6/2'2J99 2C Total C w/S = 40 
(lOmin@ 
!Umin) 
2 Slate Ck. Dyna! IOL 150 0.5 6/21/99 6/2'2J99 IC Total C w/S - 20 
(IOmin@ Total G w/S = 0 
!Umin 
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The results for Cryptosporidium recovery rates in the ten source water sites in Kentucky 
(Table 8) indicate that the ICR and DYNAL Methods had more positive samples for oocysts, 
however, the ProNetic method recovered more oocysts per positive sample. The DYNAL 
method was added after the samples were already collected; therefore, the formalized ICR 
pellet was used to process the DYNAL samples. The DYNAL method recovered fewer 
oocysts per positive sample on average, which may be due in part to the use of the I OOL 
formalized ICR pellet used to process the DYNAL method. 
The results for Giardia recovery rates in the ten source water sites in Kentucky (Table 9) 
indicate that the ASTM-IF A (ICR) method had more positive samples for cysts, however, in 
the samples that were positive in the Dyna! method, there were II\Ore cysts recovered. The 
ProNetic method does not test for Giardia. The formalized ASTM-IF A (!CR) pellet was 
used to process the Dyna! samples. 
The results for the five repeats of the same site analysis (Table IO) indicate that for 
Cryptosporidium, the DYNAL Method recovered more oocysts, however, the ProNetic 
method recovered oocysts from more samples, however, the ProNetic method recovered 
fewer numbers of oocysts per sample compared to the other two methods. For Giardia, the 
DYNAL Method recovered more cysts, however, the ICR method had more positive samples. 
The spiked samples were inoculated with a known number of cysts and oocyst as 
determined by hemicytometer counts as per USEPA Method 1622. Table 11 indicates that 
the overall percent recovery rates for Cryptosporidium oocysts for the ASTM-IF A (ICR) 
method was 9%, while DYNAL and ProNetic recovered 48% and 66% respectively in spiked 
61 
samples. In spiked samples, for Giardia cysts, percent recovery rates for the AS TM-IF A 
(ICR) method was 8%, while the DYNAL method was 49%. The ProNetic and DYNAL 
methods had a significantly higher recovery rate for Cryptosporidium oocysts than the 
ASTM-IFA (ICR) method in spiked samples. Giardia cyst recovery rates were significantly 
higher for DYNAL than the ASTM-IF A (ICR) method for spiked samples. The high 
number of oocyst and cyst recovered were most likely due to the antibody beads causing the 
oocysts and cysts to clump. See Graphs 1,2,3, and 4 for a graphical representation of the 
results recorded in Tables 10 and 11. 
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Table 8: C,-,mtosooridium collected in ten source water sites in Kentuckv 
Cryptosnnridium 
Site# Site Name ICR 100L Dynal10L Dynal100L ProNetlc 1 0L ProNetic 100L 
1 Triplet Creek 0 0 0 0 0 
2 Slate Creek 0 0 0 2 53 
3 KY River 8 1 16 0 0 
4 Herndon Lake 182 1 16 0 0 
5 Spa Lake 36 2 24 3 120 
6 Tunn Fork River 0 0 0 0 0 
7 Crumb Lake 0 0 0 4 40 
8 Lickina River 0 0 0 0 0 
9 Fox Creek 0 0 0 0 0 
10 Christv Creek 8 7 55 0 0 
Total Positive 4 4 3 
Table 9: Giardia collected in ten source water sites in Kentuckv 
Giardia 
Site# Site Name ICR 100L Dynal 10L Dynal 100L ProNetic 10L ProNetic 100L 
1 Triplet Creek 0 1 5 NA NA 
2 Slate Creek 0 0 0 NA NA 
3 KY River 0 0 0 NA NA 
4 Herndon Lake 14 0 0 NA NA 
5 Spa Lake 6 2 24 NA NA 
6 Tug□ Fork River 0 0 0 NA NA 
7 Crumb Lake 0 0 0 NA NA 
8 Licking River 0 0 0 NA NA 
9 Fox Creek 5 0 0 NA NA 
10 Christy Creek 0 0 0 NA NA 
Total Positives 3 2 NA 
* Not applicable = NA 
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Table 10: Same site samples 
NATURAL (SAME SITE) SAMPLES I 
Site# Site Name Date ICR 100L Dynal10L Dynal100L ProNetic 10 L ProNetic 100L 
#Crypto #Glardia #Crypto # Giardia #Crypto #Giarctia #Crypto # Giardia #Crypto 
2 Slate Creek 04/22/1999 21 14 7 1 140 20 2 NA 40 
It Allison Ck 05/13/1999 12 6 3 1 75 25 2 NA 40 
2 Slate Creek 05/26/1999 10 10 6 2 120 40 1 NA 20 
2 Slate Creek 06/01/1999 0 29 0 0 0 0 3 NA 120 
2 Slate Creek 06/21/1999 8 0 1 0 20 0 2 NA 40 
Average 10 12 3 0.8 71 17 2 NA 52 
Table 11: SPIKED SAMPLES 
SPIKED SAMPLES ICR ICR Dyna! l2Y!!!!.! ProNetic Pronetic 
Spike# #Crypto #Giardia #Crypto #Giardia #Crypto #Giardia #Crypto # Giardia 
1 371 127 24 (6.4%) 0 520 (70%) 3 (0.9%) 157 (21%) NA 
2 846 835 20 (2.3%) 184 (22%) 274 (32%) 215 (25%) 1119 (132%) NA 
3 300 1900 24 (8%) 75 (3.9%) 50 (16%) 776 (41%) 231 (77%) NA 
4 300 1900 12 (4%) 75 (3.9%) 131 (44%) 1023 (54%) 2 (0.6%) NA 
5 104 108 24 (23%) 12 (11%) 82 (79%) 136 (126%) 103 (99%) NA 
Averaae 384 974 21 (9%) 69 (8%) 211 (48%) 431 (49%) 322 (66%) NA 
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GRAPH 1: 
Number of Oocysts Recovered From Spiked Samples 
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Graph I ind icates the number of Cryptosporidium oocyst recovered from the spike samples. 
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Graph 2 ind icates the number of Giardia cysts recovered from the sp iked samples. 
66 
160 
~ 140 
Q) 
> 
0 
!;l 120 
0:: 
j!l 
~ 100 
(.) 
-0 
; 80 
!!l 
II) 
>, g 60 
0 
0 
; 
.D 
E 
::, 
z 
40 
20 
0 
GRAPH 3: 
Theoretical Oocyst and Cyst Recovery for Environmental Samples Based on Spiked Sample 
Recovery Rates 
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Graph 3 indicates the number o f C,yptosporidium oocysts and Giardia cysts that 
theoretically are present in the environmenta l (same site) water based on the spiked sample 
recovery rate percents. 
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Average Spike Sample Recovery Rate 
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Graph 4 is a statistical analysis performed on the average spike sample recovery rate for 
Cryptosporidium oocysts and Giardia cysts based on One-Way ANOYA 95% CI (p=0.0500). 
The ICR results are statistically s ignificant from the actual average number spiked for oocysts 
and cysts. The Dyna! is statistically s ignificant form the actual average number spiked for 
cysts. 
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METHOD ASTM-IFA DYNAL(IMS) PRONETIC (IMS) 
(ICR} 
TIME 10-18 hours 4-8 hours 4-8 hours 
COST $35.60 per $121.97 per $118.30 per sample 
sample sample plus stain 
FAMILIARITY Used in labs Relatively easy to Easy to learn 
now learn 
Consistent Variable- both Variable but high Variable but high recovery 
Results Crypto and recovery both with Cryptosporidium only 
Giardia protozoans 
Prep time Must make all Must make all Solutions come pre-
solutions solutions packaged and ready to go 
Chance of High due to Low Low 
contamination filter prep 
Pellet used Use 0.5 ml of Use all of pellet Use all of pellet 
pellet 
Sample size used 100 L 10 L 10 L 
Stain FITC FITC and DAPI FITC and DAPI 
Table 12: Comparison of the ASTM-IFA and IMS methods 
Table 12 is a comparison of the three methods in regards to time needed to process the 
sample, the cost of each sample to run, the need for expertise (familiarity) with the 
method, the consistency ofresults, the preparation time needed before processing of the 
sample can begin, the chances of contamination, the size of the packed pellet used, the 
sample size needed top run and read the sample, and the stain needed to process the 
sample. This table shows that the DYNAL IMS method was the most expensive 
technique of the three compared, however, it was shown to require the least amount of 
time to process with the highest percent recovery. 
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CHAPTER V DISCUSSION 
Cryplosporidium oocysts and Giardia cysts are the infective stage of these protozoans. 
They are becoming an increasing concern for the general public as is evident by the increased 
number of cases reported. Therefore, it is important to determine a reliable method to detect 
if these protozoans are present in the drinking water. This research compared three methods, 
the ASTM-IF A ICR Method and two IMS methods (DYNAL and ProNetic) to determine the 
reliability of these methods to detect these protozoans in drinking and source water samples. 
In the ten source water samples analyzed, the ProNetic method (30%) appears to be the 
most sensitive for the detection of Cryptosporidium oocysts, while, the AS TM-IF A (ICR) and 
DYNAL Methods had more positive samples for four of the ten (40%) sites for oocysts. 
Thus, it appears there is no significant difference for the detection of Cryptosporidium from 
source water using these three methods. In the ten source water samples, only one sample 
was positive for Giardia cysts in both methods and the DYNAL Method recovered a larger 
number of cysts. The DYNAL Method appeared to detect more Giardia cysts, but the 
ASTM-IFA (ICR) Method (30%) had more positive samples from source water than the 
DYNAL method (20% ). 
These results compare favorable to past studies utilizing the AS TM-IF A (!CR) method by 
Klonicki in 1997 and Crockett (1997) where the recovery rate for Cryplosporidium was 
21.5% and 29% respectively. Klonicki noted that the low recovery rate could be due to the 
Percoll-sucrose flotation step in the ASTM-IF A (ICR) method. In addition, LeChevallier 
(I 997) reported that the assays exhibited a nonspecific fluorescence of algae making the 
results harder to interpret. Crocket also reported a mean recovery rate of34% for Giardia 
cysts in the AS TM-IF A (ICR) method. Testing performed by Clancy (1999) indicated for 
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source water a 38% recovery rate for Cryptosporidium and a 42% recovery rate for Giardia 
using the IMS method. 
For the same site analysis of Slate Creek (per I 00 L) for Cryptosporidium, the oocyst 
recovery results for the ICR Method, the DYNAL Method, and for the ProNetic Method were 
four (40%), four (40%), and five (50%) positives respectively. The ProNetic Method had 
more positive samples, however, for the samples that were positive for all three methods, the 
ProNetic Method recovered fewer number of oocysts per sample. The DYNAL Method 
appeared to recover a higher number of oocysts in same site sample analysis for 
Cryptosporidium. 
For the same site analysis of Slate Creek (per I 00 L) for Giardia, the cyst recovery rates 
were four of five positive samples for the AS TM-IF A (!CR) while DYNAL had three of five 
positive samples. The AS TM-IF A (ICR) Method recovered fewer cysts per sample than the 
DYNAL Method. Therefore, the ASTM-IFA (ICR) method had more positive samples for 
Giardia cysts, while the DYNAL Method recovered more cysts per sample. 
For the spiked samples analysis, the overall percent recovery rates for Cryptosporidium 
oocysts were 9% for the AS TM-IF A (ICR) Method, 48% for the DYNAL Method and 66% 
for the ProNetic method. The ProNetic method appeared to have the best recovery rate for 
Cryptosporidium oocysts in spiked samples. The overall percent recovery rates for Giardia 
cysts were 8% for the ASTM-IF A (ICR) method and 49% for the DYNAL method The 
DYNAL method appeared to have the best recovery rates for Giardia cysts in spiked 
samples. Rochelle (1999) reported oocyst recovery efficiencies for IMS kits ranged from 62 
to I 00% for spiked samples. 
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In regards to the comparison of the three methods for processing time, efficiency, and 
cost, the DYNAL and ProNetic methods have a significant reduction in time (approximately 
12 hours), however, they are more expensive than the ASTM-IFA (approximately $100.00). 
The Dyna! and ProNetic methods are more expensive, due to the high cost of the Gelman 
Envirochek filters. The ASTM-IF A (ICR) method is the method utilized presently by most 
labs and is therefore more familiar to the analyst, however, the ProNetic and DYNAL 
Methods are not labor intensive and are relatively easy to perform. All three methods exhibit 
a high degree of variability in their results. An increase in the recovery of cysts and oocysts 
using the IMS methods, compared to the ASTM-IFA (ICR) method, may be due to fewer 
centrifugations (four) and the elimination of the flotation-separation procedure. In addition, 
the entire pellet is used in the ProNetic and DYNAL Methods, whereas in the ASTM-IFA 
(ICR) method, only a fraction of the pellet is utilized, therefore the chance ofloosing oocysts 
and cysts is reduced. However, the ProNetic method only detects the presence of 
Cryptosporidium oocysts, while the DYNAL Method detects the presence of both 
Cryptosporidium oocysts and Giardia cysts. Therefore, based on this study, the best overall 
method for detection and enumeration of Cryptosporidium oocysts and Giardia cysts was the 
DYNAL's Dynabeads G-C-Combo Immunomagnetic Separation Method. 
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CHAPTER VI TERMINOLOGY INDEX . 
AXONEME an internal jlagellar structure which occurs in some protozoa, including, 
Giardia 
CRYPTOSPORIDIUM OOCYSTS are round/oval organisms 3.5- 6.5 znn in diameter 
CYST a phase or a form of an organism produced either in response to environmental 
conditions or a Normal part of the life cycle of the organism (here- Giardia). It 
is characterized by a thick and environmentally resistant cell wall 
ELUTED separating pelleted material (in which Cryptosporidium and Giardia 
organisms are found)from the water they were collected in 
GIARDIA CYSTS are oval shaped organisms 8-12 znn long by 5-15 width. Each cyst 
contains four nuclei, two median bodies, and an axoneme. 
POSITIVE CONTROL a spiked sample that is run along side all sample processing to 
catch or decrease chances of contamination and/or to double- checking 
procedure 
MEDIAN BODIES prominent, dark staining, paired organelles consisting of 
microtubules and found in the posterior half of Giardia. In G. 
lamblia, (from humans) these structures often have a claw hammer 
shape while in G. muris (from mice) the median bodies are round. 
NUCLEUS a prominent internal structure seen both in Giardia cysts and 
Cryptosporidium oocysts. Sometimes two to four nuclei can be seen in 
Giardia cysts. In Cryptosporidium oocysts there is one nucleus per 
sporozoite. 
OOCYST the encysted zygote of some Sporozoa (ex. Cryptosporidium). This is a phase 
form or a form of the organism produced either in response to environmental 
conditions or as a normal part of the life cycle of the organism. It is 
characterized by a thick and environmentally resistant cell wall. 
SOURCE WATER the raw water taken directly from the source that water facilities use 
for city water. Examples are lakes, rivers, and creeks. 
SPOROZOITE a motile, infective, asexual stage of certain sporozoans (ex. 
Cryptosporidium). There are four sporozoites in each Cryptosporidium 
oocyst, and they are generally banana shaped. 
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CHAPTER VIII APPENDIX 
APPENDIX A · COST ANALYSIS FOR THE THREE METHODS· ..
System Material Cost Quantity # 
Donated/Have 
Hach ProNelic ProNelic Collection Station 275.00 2 1 
(cat.no.49900-00) 
Pump (garden hose and batterv) 300.00 1 1 
Gelman Envirochek Filters 1.0um 95.00 25 o 
(cat.no. 12110//26861-00l 
Cold Packs/Ice Chest 10.00 1 1 
Wrist Action Shaker 1165.00 1 1 
(Model 75 Burrell 00012314,Pitts,PA 
) 
Laureth-12 Buffer Solution, 300ml 5.00 20 o 
lcat.no.27289-481 
Timer /EAi T -490) 1 1 
250ml Conical Centrifuge Tube 5.75 25 o 
(cat.no.27290-061 6/oka. 
Swinging Bucket Centrifuge 8900.00 1 1 
(GS 6KR Beckman) 
Aspiration DeviceNacuum Pump 345.00 1 1 
(model DOA-P104AA;115V,42 
Amps) 
(00373092 LR37697\ 
Pasteur Pipe! 146 mm(21234-00)/ 10.00 1 o 
Disposable pipets 25/pkg(20928-28) 9.50 2 0 
ProNelic Wash Buffer, 7.00 7 o 
400ml and 25 ml for 
Potable and nonpotable water 7.00 7 0 
(cat.no.27307-48, 27464-48) 
Vortex 250.00 1 1 
(SID deluxe mixed Am. Science 
Products; McGraw Park IL. 
CAT58220 115V; 60 cvclesl 
15-ml Centrifuge Tube 12.00 2 o 
lcat.no.27291-25125/oka 
ProNelic Crypto Ab Beads,23ml 95.00 3 o 
lcat.no.27292-20\ 
Rotator 8 rpm 300.00 1 o 
/cat.no. 27391-00l 
ProNetic Three 15ml Tube Magnet 99.00 1 o 
lcat.no.49906-00l 
1.5ml non-silconized Eppendorf 5.00 25 o 
tubes 10/oka lcat.no.27302-10\ 
ProNetic 1.5ml Micro Tube Magnet 99.00 1 o 
lcat.no.49907-00l 
ProNetic Detachment Reagent, 12.00 3 o 
1.5ml lcat.no.27297-011 
Vortex Holder 1.5ml tube 35.00 1 o 
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Total 
Needed 
1 
o 
25 
o 
o 
20 
o 
25 
0 
o 
1 
2 
7 
7 
o 
2 
3 
1 
1 
25 
1 
3 
1 
I cat.no.27305-00\ 
ProNetic Neutralizing Reagent, 13.00 3 0 3 
1.5ml lcat.no.27296-0fl 
Slides 3-well 20 pkg. 12.00 2 0 2 
(cat.no.27300-00)/ 
Cover Slips18mm, 100/pkg 17.00 1 0 1 
lcat.no.27301-00l 
Slide Warmer 150.00 1 1 0 
I Fisher\ 
Humid Chamber 1 0 1 
ProNetic FITC Stain, 1.2ml 39.00 3 0 3 
(cat.no.27294-01) 
ProNetic DAPI Stain, 1.2ml 17.50 3 0 3 
(cat.no.27299-01) 
ProNelic Mounting Medium, 8.00 3 0 3 
0.5ml(cat.no.27295-01\ 
Epifluorescent Microscope 35,000.0 1 1 0 
(Zeiss MC80 with DICi 0 
Micropipet, 20ul,200ul, 1000ul 375.00 3 0 3 
(cat.no.27382-00,27383-00, each 
27384-00) 
Micropipet tips, 20 to 200ul 96/pkg 10.00 1 0 1 
(cat.no.27303-00l 
Micropipet tips, 1 OOOul 96/pkg 13.00 1 0 1 
. (cat.no.27400-00\ 
Droppers (cat.no.21247-20) 20/pkg 2.80 4 0 4 
Crypto Positive control 1 ml 29.50 2 0 2 
<cat no.27298-01 \ 
ICR Method Filter Holder 275.00 1 0 1 
ILT-10 Filterite LM01 oU-3/4\ 
1 um nominal porosity filters 5.00 25 0 25 
IM39R10A Parker Hannifin Com.\ 
Neutral Buffered Formalin 
Phoschate Buffered SalineCPBSl 
Sodium Dodecyl Sulfate 
(Lauryl Sulfate- Sigma Chemicals 
St. Louis lot #1071!0006\ 
Tween 80 
(Polyoxyethylene sorbitan 
monooleate Sigma Chemicals 
St.Louis lol#82H0306\ 
Elulina Solution/above solutions\ 50.00 25 0 25 
Percoll-Sucrose 96.00 1 0 1 
(Sigma Chemicals St.Louis 
lol#78H9275\ 
Ethanol/Glvcerol 5.00 2 0 2 
Hydrofluor Combo kit 150.00 2 0 2 
(ENSYS Inc. N.Carolina 
item#N070800 lol#60627l 
DABCO-Glvcerol Mountina Medium 5.00 1 0 1 
Bovine Serum Albumin 
(Sioma Chemicals lo1#75H02545l 
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Goat Serum 
( SiQma Chemicals lot#77H8429) 
Finaernail Polish 
Forceos 
Plastic BaQs 250/pkQ 14.00 1 0 1 
Support filters 50.00 1 0 1 
(Millipore/Durapore Membrane 
filters 0.45um. cat#HVLP02500 
lot#R8EM67457, Ireland) 
Swinging Bucket Centrifuge 8900.00 1 1 0 
( GS-6KR Beckman) 
Pumo Inarden hose, battervl 300.00 1 1 0 
Vacuum Pump 345.00 1 1 0 
( Model DOA-P104-AA; 115V 
42Amps,00373092/LR37697) 
Micropipet 20ul,200ul, 1000ul 375.00 3 3 0 
(cat.no. 27382-00,27383-00, each 
27384-00) 
Vortex 250.00 1 1 0 
(SID deluxe mixed American 
Science Products IL,ca\#58220 
115V/60cvclesl 
Slide Warmer 150.00 1 1 0 
(Fisher) 
Epifluorescent microscope 35,000.0 1 1 0 
( Zeiss MC80 with DIC) 0 
250ml CentrifuQe bottles 5.75 20 20 0 
Pasteur Pipe! 146 mm(21234-00)/ 10.00 1 1 0 
Disoosable oioets 25/oka/20928-28) 9.50 2 2 0 
50 ml Centrifuae lubes 25/oka 18.00 5 0 5 
Micropipet tips, 20 to 200ul 96/pkg 10.00 1 0 1 
/cat.no.27303-00l 
Micropipet tips, 1 000ul 96/pkg 13.00 1 0 1 
/cat.no.27400-00l 
Microscooe slides 20/PkQ 12.00 2 0 2 
Coverslips, 18mm 100/pkQ 17.00 1 0 1 
Cellulose Acetate Filters 500/pkg 291.00 1 0 1 
(pore size 0.22um 
lot#0199800402M12864-01Pl 
Droooers (cat.no.21247-20) 20/pkg 2.80 4 
Dynal Method Collection station 275.00 2 1 1 
(cat.no.49900-00l 
Swinging Bucket Centrifuge 8900.00 1 1 0 
(GS-6KR Beckman) 
Wrist Action Shaker 1165.00 1 1 0 
(Model 75 Burrell 00012314,Pitts,PA 
)) 
Pumo 1narden hose and batterv, 300.00 1 1 0 
Vacuum Pump 345.00 1 1 0 
(( Model DOA-P104-AA; 115V 
42Amos,00373092/LR37697l 
Rotator 8 rpm 300.00 1 1 0 
(cat.no 27391-00l 
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Dynal Magnetic Particle 195.00 1 0 1 
Concentrator (MPC-1) 
(prod.no. 120.011 
Dynal Magnetic Particle 475.00 1 0 1 
Concentrator magnet (MPC-M) 
lorod.no.120.091 
Micropipet, 20ul,200ul,1000ul 375.00 3 3 0 
(cat.no.27382-00, 27383-00, each 
27384-001 
Vortex 250.00 1 1 0 
(S/D deluxe mixed Am. Science 
Products; McGraw Park IL. 
CAT58220 115V; 60 cvcles) 
Vortex holder, 1.5ml tube 35.00 1 1 0 
(27305-00) 
Slide Warmer 150.00 1 1 0 
(Fisherl 
Epifluorescent Microscope 35,000.0 1 1 0 
(Zeiss MC80 with DIC\ 0 
250ml Centrifuge Bottles 5.75 25 0 25 
(cat.no.27290-061 6/nkn 
Disposable Pipets 25/pkg 9.50 2 0 2 
"real.no. 20928-28\. 
Pasteur Pipets, 146 mm 10.00 1 0 1 
lcat.no.21234-00\200/oka 
15 ml centrifuge tubes 25/pkg 12.00 2 0 2 
lcat.no.27291.251 
Dynal L-10 tubes 10/pkg 30.00 1 0 1 
lnrod.no.740.03\ 
Micropipet tips, 20 to 200 ul, 96/pkg 10.00 1 0 1 
lcat.no.27303-00l 
Microscope Spot-on slides, 12.00 1 0 1 
lnrod.no.740.041100/oka 
Coverslips, 18mm 100/pkg 17.00 1 0 1 
/cat.no.27301-00 
Droppers 20/pkg 2.80 2 0 2 
Ccat.no.21247-20\ 
Micropipet lips, 1 000ul 96/pkg 13.00 1 0 1 
(cat. no.27400-00l 
Gelman Envirochek filter 95.00 14 0 14 
(cat.no.26861-00\ 
DYNAbeads G-C-Combo kit 400.00 2 0 2 
tnrod.no.730.02\ 10/oka 
Eluting solution 50.00 14 0 14 
(see ICRl 
FITC stain and DAPI stain 28.50 2 0 2 
( ) 
Methanol 20.00 1 0 1 
NaOH 20.00 1 0 1 
HCL 20.00 1 0 1 
Pr0NetIc Reagents/sample plus the filter equals $118.30/sample 
ICR Reagents/sample plus the filter equals $35.60/sample 
Dynal reagents/sample plus the filter equals $121.97/sample 
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APPENDIXB 
Crvptosporidium history table 
(Keusch, et al., 1995; Casemore, et al., 1994; Goodgame, 1996; Juranek, 1995; Flanigan and 
Soave, 1993) 
1907 - Tyzzer (1907, Proc Soc Exp Biol Med 5: 12-13) provides a brief but adequate 
description ofC. muris, the types species of the genus, from Mus musculus and establishes 
the genus Cryptosporidium. 
1910 - Tyzzer (1910, J Med Res 23: 487-509) describes oocyst structure and endogenous 
development of Cryptosporidium muris from the gastric glands of experimentally infected 
mice. The use of control animals in his studies is noteworthy as it is not the norm at the time. 
191 I - Leger (191 I, Arch Protistenkd 22: 71-88) establishes the family Cryptosporidiidae. 
1912 - Tyzzer (1912, Arch Protistenkd 26: 394-412) describes a second member of the genus, 
C. parvum, from mice as new. Morphological descriptions of both the oocyst and 
developmental stages are reported. This will become the species we all learn to love and hate. 
1913 - Poche (1913, Arch Protistenkd 30: 125-321) also attempts to create the family 
Cryptosporidiidae but is two years to late. 
1925 -Triffit (1925, Protozoology I: 19-26) names a new species, C. crotali from the 
rattlesnake, but it is now clear that this is a Sarcocystis sp. 
1929 - Tyzzer (1929, Am J Hyg 10: 269-383) reports the finding of "Cryptosporidium 
parvum" in the ceca of chickens. He is unsure whether his finding truly represents C. parvum, 
and provides no detailed information. It is now considered a synonym of C. baileyi Current, 
Upton, & Hayes, 1986. Tyzzer also noted finding C. parvum in a rabbit. 
1938 - Wetzel (1938, Arch Wiss Prakt Tierh 74: 39-40) describes C. vulpis as new from a 
fox. It is now considered to be a Sarcocystis sp. (Levine & Tadros, 1980 Syst Parasitol 2: 41-
59). 
1947 - Matschoulsky (1947, Tr Buryat-Mongol Zoovet Inst 3: 78-86) reports C. baikalika as 
new from the woodcock. Line drawings reveal the parasite to represent gregarine oocysts. 
1954 - Bearup (1954, Aust Vet J 30: 185-186) erroneously reports a Sarcocystis sp. as 
Cryptosporidium sp. from a dog. 
1955 - Slavin (I 955, J Comp Pathol Ther 65: 262-266) names C. meleagridis as new from the 
small intestine of the turkeys. Morphologic descriptions of the oocyst, and descriptions of the 
developmental stages, are reported. This is still considered a valid species. 
83 
1961 - Levine (1961, Protozoan Parasites of Domestic Animals and of Man. 412 pp) names 
the Cryptosporidinm sp. noted by Tyzzer (1929, Am J Hyg 10: 269-383) C. tyzzeri. Since a 
description is still lacking, the species remains a nomen nudum. 
1963 - Dubey & Pande (1963, Ind J Microbiol 3: 103-108) report a Cryptosporidium sp. from 
the Indian jungle cat, Felis chaus. This is now considered to represent a Sarcocystis sp. 
1968 -Anderson et al. (1968, J Parasitol 54: 577-581) name C. lampropeltis as new from the 
kingsnake, Lampropeltis calligaster. This is now termed Sarcocystis lampropeltis (Anderson, 
Dnszynski, & Marquardt, 1968) Levine & Tadros, 1980. 
1969 -Arcay de Peraza & Bastardo de San Jose (1969, Acta Cient Venez 20: 125) name C. 
ameivae as new from the lizard, Ameiva ameiva, in Venezuela. Since no proper description 
has ever been pnblished, this remains a nomen nudum. 
1969 - Dnszynski (1969, J Protozool 16: 581-585) names a new species, C. ctenosauris, from 
a Costa Rican lizard, Ctenosaura similis. This is now considered to be Sarcocystis ctenosauris 
(Duszynski, 1969) Levine & Tadros, 1980. 
1972 - Gottschalk (1972, Beit Vogelkunde 18: 61-69) reports a Cryptosporidium sp. from the 
hawk, Accipiter gentilis. This is now considered to represent a Sarcocystis sp. 
1972 - Pande et al. (Acta Vet Acad Sci Hnng 22: 231-234) report a new type of 
Cryptosporidium sp. from pups based on the"intracellular" location of the developmental 
stages. They term this species Hoareosporidium pellerdyi. This is now considered to 
represent a Sarcocystis sp. 
1974 - Vetterling (1971, J Protozool 18: 243-247; 248-260) names C. wrairi as a new species 
from guinea pigs. Although ultra structure is extensively performed, no morphological details 
differentiating it from other Cryptosporidium spp. is reported. The species is a nomen nudum 
at this time. 
1974 - Barker & Carbonell (1974, Z Parasitenkd 44: 289-298) describe as new C. agni from 
lambs and C. bovis from calves. This based solely on host specificity. Both are now 
considered synonyms of C. parvum. 
1974 - Proctor & Kemp (1974, J Protozool 21: 664-666) name C. anserinum as new from the 
large intestine of a domesticgoose, Anser anser. Oocyst sizes are never reported. Later, 
Levine (1984, J Protozool 31: 94-98) synonymies this with C. meleagridis Slavin, 1955 even 
thongh the latter species develops in the small intestine. The species remains a nomen nudum. 
1976 - Nime et al. (1976, Gastroenterology 70: 592-598) and Meisel et al. (1976, 
Gastroenterology 70: 1156-1160) independently report Cryptosporidium from humans for the 
first time. 
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1977 -Brownstein et al. (1977, Vet Pathol 14: 606-617) report pathology from snakes 
infected with a new Cryptosporidium sp. This is later named C. serpentis by Levine (1980, J 
Parasitol 66: 830-834), and is still considered a valid species. 
1979 - Inman & Takeuchi (1979, Vet Pathol 16: 89-95) name C. cuniculus from the ileum of 
a rabbit as new. Levine (1984, J Protozool 31: 94-98) attempts to synonymies this 
(erroneously) with C. muris. However, it should be considered a synonym ofC. parvum. 
1979 - Iseki (1979, Jap J Parasitol 28: 285-307) names C. felis from the domestic cat as new. 
More recent evidence will indicate this to be a valid species. 
1980 - Tzipori et al. (1980, Inflmmun 30: 884-886) suggest that Cryptosporidium may be a 
single-species genus (at least the species in mammals that they studied). 
1980 - Levine (1980, J Parasitol 66: 830-834) creates the species C. rhesi for 
Cryptosporidium reported to infect the Rhesus monkey, and C. serpentis for the species 
reported by Brownstein et al. (1977, Vet Pathol 14: 606-617) found to be pathogenic in 
snakes. The former species should be regarded as a synonym of C. parvum. The latter 
species, though considered valid, technically remains a nomen nudum in 1980 because of the 
lack of a proper definitive description. 
1981 - Hoover et al. (1981, J Fish Dis 4: 425-428) name C. nasorum for a new 
Cryptosporidium sp. found in Naso lituratus Technically, since definitive morphologic details 
are lacking, this still remains a nomen nudum. 
1981 - Bird (1981, in Parasitol Topics, Soc Protozool Spec Puhl 1, 39-47) names C. 
garnharmi as new from humans. Although Levine (1984, J Protozool 31: 94-98) synonymies 
this with C. muris, it should be regarded as a synonym of C. parvum. 
1982 - Tham et al. (1982, Avian Pathol 11: 619-626) reports a pathogenic Cryptosporidium 
sp. throughout the respiratory and digestive tract of quail. Although as yet unnamed and the 
life cycle undetermined, this will probably be found to represent a distinct species. 
1984-Levine (1984, J Protozool 31: 94-98) erroneously synonymies C. parvum with C. 
muris. He also erroneously synonymies C. rhesi with C. muris rather than C. parvum, "C. 
tyzzeri" with C. meleagridis, and C. serpentis with "C.crotali". 
1985 - Upton & Current (1985, J Parasitol 71: 625-629) "unsynonymize" C. parvum and C. 
muris. First published report of the large, abomasal C. sp. from cattle that is erroneously 
termed C. muris in the paper. Complete morphologic descriptions of C. parvum and the 
abomasal C. sp. from cattle are provided. 
1985 - Qadripur & Klose (1985, Dermatol Monatsschr 171: 438-442) terms the species 
infecting humans as "C. enteritidis". This term is used later by several other European 
authors and should be considered a synonym of C. parvum. 
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1986 - Current et al. ( 1986, J Protozool 33: 289-296) describe C. baileyi as a new species 
from the bursa and cloaca of chickens. Both a morphologic description and complete life 
cycle are provided. Since "C. tyzzeri" remains a nomen nudum, and can be legally discarded 
by authors who present a proper description, "C. tyzzeri" is synonymized. Cryptosporidium 
baileyi remains a valid species. 
1986 - Paperna et al. (1986, Proc 39th Ann Meet, Soc Protozool, Univ Rhode Island, Abstr 
142) name Cryptosporidium villithecus as new from cichlid fish. They do not use the nomen 
triviale and simply refer to this species as C. sp. In their formal paper (Landsberg & Paperna, 
1986, Dis Aquat Org 2: 13-20). 
1987 - Crawshaw & Mehren (1987, Erkrank Zoot, 1987, Cardiff, pp. 353-362) report a 
Cryptosporidium sp. from an amphibian (toad) for the first time. 
1989 - Upton et al. (1989, J WildlfDis 25: 20-30) report oocyst measurements for C. 
serpentis for the first time. Measurements of various isolates suggest multiple 
Cryptosporidium spp. exist in reptiles. 
1989 - Lindsay et al. (1989, Proc Helminthol Soc Wash 56: 91-92) presents formal 
measurements for C. melagridis that agree well with those published earlier by Slavin (1955, 
J Comp Pathol 65: 262-266). This clearly demonstrates that the species is similar in size to C. 
parvum and smaller than C. baileyi. 
1991 - Tilley et al. (1991, Can J Microbiol 37: 949-952) first report oocyst measurements for 
C. wrairi, which are indistinguishable from C. parvum, and establish low-level infections in 
mice. It is unknown whether C. wrairi should be regarded as a distinct species, or a form of 
C. parvum. 
1993 - Gajadhar (1993, Can Vet J 34: 115-116) and Bezuidenhout et al. (1993, J South Afr 
Vet Assoc 64: 156-158) independently report a Cryptosporidium sp. from ostriches. 
1994 - Gajadhar (1994, Parasitol Res 80: 316-319) presents morphologic evidence to suggest 
that the Cryptosporidium sp. In ostriches is a species distinct from others and smaller than 
other known avian Cryptosporidium spp. 
1995 - Morgan et al. (1995, Am J Trop Med Hyg 52: 539-564) uses RAPD analysis and 
suggests two distinct genotypes infecting humans. 
1996 - Paperna & Vilenkin (1996, Dis Aquat Org 27: 95-101) create a new genus and 
species, Piscicryptosporidium reichenbachklinkei for a species of Cryptosporidium in the 
gourami, Trichogaster leeri. It is unknown as this time whether this species is distinct from C. 
nasorum and whether piscine Cryptosporidium spp. deserves generic status. 
1997 - Peng et al. (1997, Emerg Inf Dis 3: 567-573) also reports two distinct genotypes, and 
perhaps species, of Cryptosporidium exist that may infect humans. Suggests 1993 Milwaukee 
outbreak may not be due to bovine fecal contamination. 
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1998 - Koudela & Modcy (1998, Folia Parasitol 45: 93-100) describe C. saurophilum as new 
from the skink, Eumeces schneideri. Oocysts are smaller than for C. serpentis. 
1998 - Champliaud et al. (1998, Appl Environment Microbiol 64: 1454-1458) use molecular 
techniques to reveal C. meleagridis and C. parvum to be similar. Nonetheless, previous 
studies have shown that the two species generally do not cross transmit between avian and 
mammalian hosts. 
1998 - Sargent et al. (1998, Vet Parasitol 77: 221-227) present morphologic and molecular 
evidence to support the supposition that C. felis is a distinct species. 
1999-Bornay-Llinares et al. (1999, Appl Environment Microbiol 65: 1455-1458) present 
molecular and morphological evidence suggesting C. felis to occur in a cow. 
1999 - Pieniazek et al. (1999, Emerg Inf Dis 5: 444-449) present molecular evidence 
suggesting C. felis to occur in an AIDS patient. 
1999 - Carreno et al. (1999, Parasitol. Res. 85: 899-904) present molecular evidence 
suggesting Cl)'ptosporidium spp. are more closely allied to the gregarines than to the coccidia 
proper. 
1999 - Morgan et al. (1999, J. Parasitol. 85: 1126-1133) present molecular evidence 
suggesting that Cl)'ptosporidium spp. from marsupials, and some isolates from swine, may 
represent distinct species. 
2000 - Lindsay et al. (2000, J. Euk. Microbiol. 47: 91-95) present morphologic, molecular, 
and in vivo evidence that demonstrates the large abomasal species in cattle to be distinct from 
C. muris (researchers in Japan have been saying this for over a decade). The name C. 
andersoni is proposed. 
(Steve J. Upton parasitology@ksu.edu) 
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APPENDIX C: Materials used in ICR and IMS methods 
ICR SAMPLING METHOD 
Materials needed to collect and process ICR method: 
Filter- 10 in long, 1 um porosity yam wound polypropylene filter 
Filter holder- see diagram below 
Water meter- to register flow rate 
Pressure regulator with gauge--<>ptimum 30 PSI 
Flow control valve- optimal set at 4 L/min 
Pump- with battery if doing field test 
Ice cooler with freezer packs- to transmit sample to lab 
Plastic Bags- for sample and filter 
Latex Gloves 
Centrifuge-swinging bucket set atl,050 x g for 10 min 
Vacuum pump-to remove supernatant liquid 
Neutral Buffered Formalin-I 0%-dissolve 0. 762g disodium hydrogen phosphate (Na2HPO4 ), 
0.019g sodium dihydrogen phosphate (NaH2PO4), and 100ml formalin in water 
to IL, Used to preserve packed pellet 
Phosphate Buffered Saline (PBS)- !OX solution~ dissolve 80g sodium chloride (NaCl), 2g 
potassium dihydrogen phosphate (KH2PO4), 29g hydrated disodium hydrogen 
phosphate (Na2HPO4* 12 H2O), and 2g potassium chloride (KCI) in water to a final volume of 
I L. This is used for Ix PBS by diluting I 00 ml I 0XPBS with 900 ml of water and adjust pH 
to 7.4 with 0.1 N HCL or0.INNaOH 
Sodium Dodecyl Sulfate -1% dissolve 1.0 g of sodium dodecyl sulfate (SDS) in water to 100 ml. 
Tween 80- 1% mix 1.0 ml ofpolyoxyethylenesorbitan monooleate 80 with 99 ml water. 
Eluting Solution-(buffered detergent solution) mix JOO ml 1% SDS, 100 ml 1% Tween 80, 100 
ml lOX PBS, aod 0.1 ml Sigma Antifoam A with 500 ml water. Adjust pH to 7.4. 
Then add enough water for a final volume of I L. 
Sucrose Solution (2.5 M)- dissolve 85.58 g of sucrose in 40 ml prewarmed water then adjust final 
volume to 100 ml with water 
Percoll-Sucrose- Mix 45ml Percoll, 45 ml water, and IO ml 2.5 M sucrose solution. Check the 
specific gravity with a hydrometer (should be 1.09 to I.I) 
Ethanol- 95 % 
Fluorescent Staining Kit 
DABCO-Glycerol Mounting Medium 
Bovine Serum Albumin- (BSA) mix 25 ml 1 % PBS with 0.25g bovine serum albumin 
Goat Serum 
Hydrometer 
Fingernail Polish 
Scalpel- To remove yam from filter for processing 
Slides and Cover Slips 
Forceps 
Micropipet Tips 
Distilled Water- used in all solutions 
Ethaool-Glycerol Series---9 .. 5'-"'¾"o"E"th..,an..,,,o,.l _G"'-'lye,c,,ercsoe.l _R""'eae.,g;,,e,.nt,..W.u..,a.,te._r_._F,,in.,,al,_V.,__,,o,,lum=e,.__,F'"'in.,al"'-''¾"'o-"E""th"'an"""ol 
10ml 5ml 80ml 95ml IO 
20ml 5ml 70ml 95ml 20 
40 ml 5 ml 50 ml 95 ml 40 
80ml 5ml 10ml 95ml 80 
95 ml 5 ml 0 ml 95 ml 90.2 
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PRONETIC sampling method 
Materials needed to collect and process the HACH ProNetic method: 
Collection Station- made by HACH 
Filters-by Gelman Sciences Envirocheck filters 
Cold Packs/Ice Chest 
Wrist Shaker 
Laureth-12 Buffer- already mixed by manufacturer 
Timer 
250 ml Conical Centrifuge Tube 
Centrifuge 
Aspiration DeviceN acuum Pump 
Pasteur Pipettes/Pipettes 
ProNetic Wash Buffer- already mixed by manufacturer 
Vortex 
I 5ml Centrifuge tubes 
ProNetic Crypto Ab beads- already mixed by manufacturer 
Rotator 
ProNetic Three Tube magnet 
1.5 ml Tubes 
ProNetic Micro Tube Magnet 
ProNetic Detachment Reagent-already mixed by manufacturer 
Vortex Holder 
ProNetic Neutralizing Reagent- already mixed by manufacturer 
Slides/Cover Slips 
Slide Heater 
Humid Chamber- airtight container with ammonia beads covered by a moist towel on which 
slides are placed 
ProNetic FITC Stain-Already mixed by manufacturer 
ProNetic OAP! Stain -already mixed by manufacturer 
ProNetic Mounting Medium 
Epifluorescent Microscope 
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DYNAL sampling Method 
Materials needed to collect and process the Dyna! method: 
Collection Station- made by HACH 
Filters-by Gelman Sciences Envirocheck filters 
Cold Packs/Ice Chest 
Wrist Shaker 
Elution Buffer 
Timer 
250 ml Conical Centrifuge Tube 
Centrifuge 
Aspiration DeviceN acuum Pump 
Pasteur Pipettes/Pipettes 
Wash Buffer 
Vortex 
15ml Centrifuge tubes 
Dyna! Crypto Ab beads- already mixed by manufacturer 
Dyna! Giardia AB beads- already mixed by manufacturer 
Rotator 
Dyna! MPC magnet 
1.6 mL Tubes 
Dyna! L-10 tube 
HCL 
NaOH 
Vortex Holder 
Slides/Cover Slips 
Slide Heater 
Humid Chamber- airtight container with anunonia beads covered by a moist towel on which 
slides are placed 
FITC Stain 
DAPI Stain 
Mounting Medium 
Epifluorescent Microscope 
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